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ABSTRACT 

We exploit ionization-parameter mapping as a powerful tool to measure the optical depth of star-forming 
Hll regions. Our simulations based on the CLOUDY photoionization code and our new, SurfBright surface 
brightness simulator demonstrate that this technique can directly diagnose most density-bounded, optically thin 
nebulae with spatially resolved emission line data. We apply this method to the Large and Small Magellanic 
Clouds, using the data from the Magellanic Clouds Emission Line Survey. We generate new Hll region catalogs 
based on photoionization criteria set by the observed ionization structure in the [SII]/[OIII] ratio and Ha 
surface brightness. The luminosity functions from these catalogs generally agree with those from Ha-only 
surveys. We then use ionization-parameter mapping to crudely classify all the nebulae into optically thick 
vs optically thin categories, yielding fundamental new insights into the Lyman continuum radiation transfer. 
We find that in both galaxies, the frequency of optically thin objects correlates with Ha luminosity, and that 
the numbers of these objects dominate above L > 10 37 . Similarly, the frequency of optically thick regions 
correlates with Hi column density, with optically thin objects dominating at the lowest 7Y(HI). The integrated 
escape luminosity of ionizing radiation is dominated by the largest regions, and corresponds to luminosity- 
weighted, ionizing escape fractions from the Hll region population of > 0.42 and > 0.44 in the LMC and SMC, 
respectively. These values correspond to global galactic escape fractions of 4% and 11%, respectively. This is 
sufficient to power the ionization rate of the observed diffuse ionized gas in both galaxies. Since our optical 
depth estimates tend to be underestimates, and also omit the contribution from field stars without nebulae, our 
results suggest the possibility of significant galactic escape fractions of Lyman continuum radiation. 
Subject headings: radiative transfer — catalogs — stars:massive — HII regions — ISM:structure — galax- 
ies:ISM — Magellanic Clouds — diffuse radiation 



1. INTRODUCTION 

Few of the rich and complex disciplines in astrophysics 
affect our understanding of the Universe as deeply as the 
diffusion of ionizing radiation from stars and its interaction 
with surrounding matter. Of all the known sinks and sources 
of energy, the ionizing radiation released by O stars during 
their short lives has great consequences by 1) determining 
the structure and energy balance of the interstellar medium 
(ISM) in galaxies, 2) generating diagnostics of stellar pop- 
ulations and interstellar conditions, and 3) providing an im- 
portant source of the Lyman continuum radiation field during 
cosmic reionization. 

The luminosity and spectral energy distribution (SED) of 
massive stars make them a powerful sou rce of ionizing radia- 
tion w ithin star forming galaxies (e.g., [Abbott 1982 ; Re ynolds] 
1984). Their power has been demonstrated by studies of 
nearby galaxies which show that the Lyman-continuum (LyC) 
radiation from O-stars embedded within Hll regions, com- 
bined with those in the field, is luminous enough to balance 
the incessant recombination and cooling of t he diffuse, warm 
ionized medium (WIM) in galaxies (e.g., |Oey & Kennicutt| 
1X997] IHoopes & Wal terbos 2000; Oey et al. 2004; for a recent 
review of the WIM see |Haffner et al.|2009| l. Radiative transfer 
calculations also demonstrate that injecting ionizing radiation 
from stars into the WIM not only heats the g as, but also acts 
to decrease its cooling efficiency ( Cantalupo |20 10| l, prevent- 
ing the catastrophic cooling of warm diffuse gas which would 
lead to unregula ted star formation (e.g. Parravano 1988] |Os-| 
|triker et al.|2010[ ). In these ways, ionizing stellar radiation can 
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strongly influence both the ISM structure and star formation 
rates of galaxies. 

The H Balmer recombination lines form beacons of star for- 
mation across the universe (e.g., |Cowie & Hu 1998). When 
these photons are all absorbed by gas, H recombination lines 
are an accurate diagnostic of Q(H°), the rate at which H ioniz- 
ing radiation is produced by stars. Multiwavelength emission- 
line observations and theoretical stellar SEDs are routinely 
used with observed recombination rates to infer the stellar 
populations of distant galaxies (e.g 
Iglesias-Paramo~et al.|2004|) 



Sullivan et al. 2004 



Ionizing radiation from stars may ultimately escape into the 
intergalactic medium (IGM) before being absorbed. This ra- 
diation may be an important source of the cosmic background 
UV field during t he epoch of reionizati on, some time b etween 
redshift z ~ 11 (jKomatsu et al.|2011|) and z ~ 6 fFan et aL] 



2002). During this time, star-forming galaxies are believed 



to contribute 10-20% of their total ionizing radiation budget 
to sustain reionization, because the UV and X-Ray field from 
AGN alone was likely insufficient ( Sokasian et al. 2003|l. Re- 



cent detections of faint Lya emitting galaxies by 



Dressier et 



al. ( 201 1| ) support this view with observational evidence that 



aggregate LyC radiation from faint galaxies during this epoch 
is sufficient to sustain cosmic reionization. 

Understanding the radiative transfer of LyC photons from 
massive stars is therefore a fundamental problem, and al- 
though they are well understood in general terms, Hll regions 
still present a computational challenge because of their greatly 
varying densiti es, small-scale structure, and irregular nature. 
Consequently, Paardekoo per et aF] ( |201 1) identified radiative 
transfer of individual nebulae as the main bottleneck which 
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limits our ability to determine the escape fraction of ionizing 
radiation from star forming galaxies in cosmological simula- 
tions. It is thus imperative to understand radiation transport 
within Hll regions if we are to understand fundamental prop- 
erties of the universe. 

There has been a variety of approaches to evaluate the op- 
tical depth of Hll regions. The most direct method compares 
the ionization rate derived from Ha luminosities L to that pre- 
dicted from the observed ionizing stellar population. Using 
this approach, |Oey & Kennicutt| ( |1997| l found that up to half 
of all ionizing photons generated by stars escape Hll regions 
to ionize the WIM, also known as diffuse ionized gas (DIG). 
However, theoretical predictions for the LyC photon emission 



rate Q(H°) have d ecreased by 50% (e.g., Martins et al. 



Sn 

ob; 



2005 



Smith et al.|2002|l, and are now generally consistent with the 



observed Hll region luminosities (e.g.,|Voges et al.[2008||Zas^1 



trow et al.|201 la) >. Clearly, until the ionizing fluxes and SEDs 
of massive stars are definitively established, comparing pre- 
dicted and observed L will be subject to large systematic un- 
certainties. Identifying all the ionizing stars is also difficult in 
regions with significant extinction and crowding. 

Other studies attempt to evaluate nebular optical depth 
by modeling nebular emission lines from ions with differ- 
ent ionizati on potentials averaged over the entire Hll region 
(e.g., Relano et al. 2002; Iglesias-Paramo & Munoz-Tunon 
|2002} |Giamma nco et al.|2004| |Kehrig et al.|2011) . Howeve"r7 
inhomogeneous, optically-thin nebulae may contain many 
optically-thick cloudlets. Since the emission-line volume- 
emissivity is proportional to the square of the electron density, 
the resulting spatially integrated spectra can be dominated by 
these dense clumps and resemble the spectrum of an optically- 
thick, h omogeneous nebula, d espite small clump-covering- 
factors (Giamm anco et al.|2004| l. Typically, these studies do 
not resolve the spatial structure of the emitting gas. Observa- 
tions either integrate all the nebular light and lose all spatial 
information, or study structure from a single long slit spec- 
trum. By simplifying the line fluxes of an entire Hll region to 
a single value, valuable information about the true structure 
of the gas is lost. 

The correlation between DIG surface brightness and prox- 
imity to Hll regions is another key piece of evidence for the 
leakage of ionizing radiation from discret e Hll r egions, and 
can be used to estimate the optical depth. Seon ( |2009] > used 
these correlations to test a model of M51 where leaking Hll 
regions explain the observed DIG and Ha surface bright- 
ness distributions, similar to the method used b y Zurita et 
al. (2002) in NGC 157. However, [Seonl (|2009 ) found that 
this model requires a highly rarefied or porous ISM with an 
anomalously low dust abundance. These details are inconsis- 
tent with the known properties of M5 1 , suggesting the models 
do not fully explain the propagation of radiation in real galax- 
ies. 

Thus, existing methods to determine nebular optical depth 
are subject to large uncertainties; clearly it would be prefer- 
able to have a diagnostic that is reliable, effective and sim- 
ple. Here, we offer such a diagnostic, using an approach that 
makes it possible to accurately characterize the optical depth 
of individual Hll regions in the nearest galaxies. In fj2| we 
describe our method; in Sj3] we apply our technique to the 
Magellanic Clouds, and use it to generate a new, physically 
motivated Hll region catalog; and we evaluate our technique 
in Sj4] Our results yield powerful new insights on the radiative 
transfer of LyC radiation from massive stars in these galaxies, 
which we present in f]5] 



2. IONIZATION-PARAMETER MAPPING 

With the recent availability of wide-field, narrow-band 
imaging and tunable filters, the potential of spatially resolved, 
emission-line diagnostics as constraints on nebular models is 
being more fully realized, and these techniques can now be 
applied to entire populations of extragalactic nebulae. We 
revisit a largely overlooked approach, ionization-parameter 
mapping (IPM), which is capable of directly assessing the 
optica l depth of ioniz ing radiation in individual Hll regions 
(e.g., |Koeppen|l979|l . The technique is based on emission- 
line ratio mappingTwhich has been previously employed (e.g., 



Heydari-Malayeri 1981; Pogge 1988a b); here, we present a 
modern development, demonstration, and application. The 
current approach is driven by newly available data with un- 
precedented sensitivity, resolution, and spatial completeness. 
We leverage this data against recent developments in the abil- 
ity to predict spatially resolved, emission line diagnostics with 
photoionization models. Our method thus balances the quan- 
titative diagnostics of spectroscopy and the spatial coverage 
of imaging, yielding a powerful method that is both observa- 
tionally efficient and straightforward enough to be applied to 
entire galaxies. 

2.1. Evaluating nebular optical depth 

For classic, optically-thick Hll regions, there is a transition 
zone between the central, highly excited region and the neu- 
tral environment. These transition zones are characterized by 
a strong decrease in the excitation, and hence also in the gas 
ionization parameter, which traces the degree of ionization 
and photon-to-gas density. Figure [TJi and[TJ) show the radial 
ionic structure of Stromgren spheres generated by a 38,000 K 
and 43,000 K star, respectively. These demonstrate the transi- 
tion from highly ionized inner zones dominated by 2+ and 
S 2+ to outer envelopes dominated by + and S + . The low- 
ionization transition zone is thicker than the narrow H° /H + 
ionization front where the [SII] volume emissivity peaks ( |Os-| 
terbrock & Ferland|20 06); this results from the sensitivity of 
the [SII]/[OIII] ratio to the radial difference between the 2+ 
and H + recombination fronts, which are in turn determined by 
the LyC optical depth tl y c and stellar effective temperature 
T e ff. This large scale gradient is a key feature to the applica- 
tion of ionization parameter mapping at great distances. For 
the models in Figure [T] the ass umed ionizing SED is a single 
WM-Basic stellar atmosphere (Smith et al. 2002) defined by 
a variable T c ff and fixed Q(H°) = 10 4m s _1 , equivalent to one 
06 V star. Calculations were performe d using the CLOUDY 
photoionization code, version C08.00 (Ferland et al. 1998), 
adopting gas-phase abundances equal to those of the 30 Do 
radus star-formi ng region, having log(0/H) = —3.75 (Pelle 
grini et al. 201 1 ). Our models include dust with a gas-to-dust 



ratio of Ay /iV (H) = 1.8 x 1 0~ 23 cm" 2 , which is c onsistent 
with the ionized gas studied by Pellegrini et al.| ( [20TT|l. We use 
dust with an LM C size-distribution described by |Weingartner| 



& Draine (2001 ), although our results are not sensitive to the 



dust abundance. The initial H density jih is equal to 10 crrT 
and the distance ro = 0.1 pc between the illuminated face of 
the cloud and the ionizing source. Deeper in the cloud hh is 
set by a hydrostatic equa tion of state with no magnetic field 
(B = G) described in |Pellegrini et al.| ( [2007 1. 

Figure [T] demonstrates that we can estimate 7L y c from 
the observed ion stratification within the nebula, which de- 
pends strongly on TL y c- While nebulae ionized by differ- 
ent T e ff have greatly differing structure, the optical depth 



Optical Depth of LMC and SMC Hll regions 



3 




FIG. 1. — The radial ionization structure for Stromgren sphere Hll regions photoionized by a T c g = 38 kK star (left panel) and a 43 kK star (right panel), 
assuming a gas density of 10 cm -3 . The logarithmic ionization fractions of H+ (solid, thick black line), H° (dashed, thick black line), 2 + (solid, thin blue 
line), 0+ (dashed, thin blue line), O (dash-dot, blue line), S 2 + (solid, thick red line), and S+ (thick, dashed red line) are plotted. The vertical lines mark radii 
where t LyC~ ".5 (dashed) and 1.0 (solid). 
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FIG. 2. — Models of the observed [SII]/[OIII] surface brightness ratios for 
nebulae ionized by 03 V, 06 V, and 09.5 V stars, at optical depths TL y c of 
0.5, 1.0, and 10. A uniform background is assumed, and the units on both 
axes are in arcsec, projecting the objects at the LMC distance. 



is strongly constrained by the radial structure in two ions, 
and essentially uniquely determined by three ions. Figure [2] 
shows models of the observed surface-brightness ratios for 
the [SII]AA6716,6731 and [OIII]A5007 emission lines for 
a series of Hll regions with LMC element abundances. We 
calculate the projected 2D surface bri ghtness of our m od- 
els according to equation 2 of Pelleg rini et al.| ( |2009| ) us- 
ing the SurfBright routine, which is described in Ap- 
pendix A. We have added a constant, noiseless background 
of 1 x 10~ 15 erg s -1 cm~ 2 arcsec -2 , consistent with typical 
Hll region observations. We note that decreasing the back- 
ground component will enhance the predicted contrast, while 




FIG. 3.— A map of the [SII]/[OIII] ratio centered on HII region DEM 
S38. The central region is a classic example of an optically thick nebula with 
highly ionized gas (low [SII]/[OIII]; dark) surrounded by an ionization tran- 
sition zone with higher [SII]/[OIII] (lighter grayscale). The same effect is 
seen in the regions to the north and south of DEM S38, which are marked 
with crosses. In contrast, the irregular Hll region seen to the east (left) of 
DEM S38 shows no evidence such a transition zone between the high ioniza- 
tion region and the galactic background, indicating that it is optically thin. 

an increase reduces contrast. The model parameters of these 
simulations are similar to those of the mode ls in FigurefTl The 
nebulae are ionized by a single WM-Basic ( Smith Tet al'|2002| l 
stellar SED with an ionizing luminosity equivalent to a clus- 
ter of ten 06 V stars, and T off equal to 30,500 K, 38,000 K or 
44,500 K. These T cS correspond to 09.5 V, 06 V and 03 V 
spectral typ es, respec tively, using the spectral type - T c s cali- 
bration of Martins et al. (2005 i. A single T c g is often used to 
represent the SED of ionizing clusters, which is a reasonable 
approximat ion since the earlie st spectral type dominates the 
SED (e.g., Oey & Shields 2000). Figure [2] shows models for 
t LyC = 0.5, 1.0, and 10.0, at each T g, where the cloud is 
truncated at various radii to simulate the different tl v c ■ 

Figure [2] demonstrates how the optical depth and T e g 
determine the observed ionic structure that is rendered by 
ionization-parameter mapping. In general, the tl y c = 0.5 
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models show no low-ionization transition layer, although 
there is an exception for the latest spectral type. For early 
and mid-O spectral types, the morphology in these ionization- 
parameter maps is an especially strong discriminant for the 
optical depth. And as shown in Figure [TJ t^q can be fully 
constrained when surface-brightness ratios are obtained for 
three radially varying ions instead of two. We further discuss 



the use and limitations of our method in \ 2.2 below. 

Figure [3] shows the observed ratio map of [SII]/[OIII] for 
a star-forming complex centered on the nebula DEM S38, 
from the Magellanic Clouds Emissi on-Line Survey (M CELS; 
Smith & MCELS Team|1998"l|Points et al.|2005HSmith et al.| 
2005||Winkleretal.|2005| l. We clearly see an envelope of low- 
tonization gas surrounding a high-excitation interior in each 
Hll region marked with an X (DEM S38 and the two regions 
to the north and south), strongly suggesting that these objects 
are optically thick. In contrast, the nebula east of DEM S38 
shows high ionization throughout, and no evidence of an in- 
ternal gradient in gas ionization state. This indicates that the 
object is optically thin. 

We also see that the object DEM S159 (Figure |4} shows 
the intermediate morphology of a blister Hll region. Like 
DEM S38, there is a central region of highly ionized gas, but 
a transition zone of weakly ionized gas is found only to the 
north, while toward the south, the nebula remains highly ion- 
ized throughout, like our TL y c=0.5 models in Figurep] Since 
all of the nebula is ionized by the same SED, DEM SI 59 
must be optically thick to the north, and optically thin to the 
south. Thus, Figures|3]and|4]vividly demonstrate the viability 
of ionization-parameter mapping as a technique to evaluate 
T LyC- The morphology of the ionization structure in these 
objects is qualitatively consistent with our models, and in f]4] 
below, we also show quantitatively that observations are con- 
sistent with predictions. 

Furthermore, the contrasting gas morphology between the 
spherical, optically thick nebulae and the irregular, optically 
thin object in Figure [3] is not a coincidence. In the MCELS 
data for the Magellanic Clouds, most of the optically thick 
objects showing low-ionization envelopes look like classi- 
cal, spherical, Stromgren spheres. The opposite is true for 
optically thin objects, which are more complex and irregu- 
lar in morphology. This is consistent with recent radiation- 
MHD simulations by |Arthur et al. (201 1), which show that 



the highly ionized, density-bounded nebulae powered by the 
hottest stars are subject to strong radiative feedback and gas 
instabilities, generating irregular gas morphologies. Thus, the 
gas morphologies are fully consistent with the interpretation 
that objects having low-ionization transition zones are gener- 
ally optically thick and radiation-bounded. 

Finally, ionization-parameter mapping also constrains the 
optical depth in the line of sight, since the low-ionization, 
transition zone should also exist along these photon p aths in 
an op t ically thick nebula. This was explored by Pellegrini 
|eTaLl < |20Tl> who found a lower limit of [SII]/Ha ~ 0.05 
for LMC nebulae that are optically thick in the line of sight. 
Lower values of [SII]/Ha indicate that the low-ionization 
transition zone is missing or depleted, and therefore that the 
region is optically thin to the Lyman continuum. In Fig- 
ure 15] we compare the line of sight emission line ratios of 
DEM S15 and N59, a pair of optically thick and optically 
thin Hll regions. DEM S 15 is a classical Stromgren sphere, 
limb-brightened in the lower ionization species, and it shows 
a central line-of-sight [SII]/Ho!= 0.05, consistent with an op- 
tically thick nebula of SMC metallicity. In contrast, in N59, 




FIG. 4. — DEM S159 is a prototypical blister Hll region showing nebu- 
lar traits for both high and low optical depth. As in Figure [3] the ratio of 
[SII]/[OIII] reveals the presence of highly ionized gas (dark) in this region. 
This is confined to the northwest by a pronounced ionization transition zone, 
but not to the southeast. 

the central [SII]/Ha ratio is essentially zero across much of 
the object, and thus no transition zone is seen in those sight 
lines, demonstrating that the object is optically thin. 

2.2. Limitations for 2-ion mapping 

Ionization-parameter mapping is tremendously powerful, 
and can even be done with only two radially varying ions. 
When using only two ions, we caution that the technique has 
three limitations. Ostensibly, the most important quantity to 
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FIG. 5. — The spatial profiles of [OIII]/Ha and [SII]/Ha across the center 
of the optically thick object DEM S15 (top) and optically thin region N59 
(bottom). 
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be derived with this technique is the escape fraction of LyC 
photons from an individual Hll region, / csc defined as 



Je: 



-T L yC 



(1) 



Ionization-parameter mapping based on only two ions can 
provide only lower limits on / esc , because the observed mor- 
phology becomes degenerate at high / esc . This can be seen 
in the bottom row of Figure [2] for t LyC < 10, which corre- 
sponds to f csc > 40%. In these cases, background emission 
masks the very faint, lower-ionization emission lines in fully 
ionized gas, and the ratio ceases to directly track changes in 
the Hll region ionization structure. This problem worsens as 
T c g increases, and it becomes more difficult to identify the 
transition to neutral gas. However, only the hottest ionizing 
stars in the local universe will have T e g ~ 44, 500 K, and 
when three ions are available, the degeneracies are resolved. 

There is also a degeneracy between optically thin nebulae 
ionized by cool stars (T e g < 34, 000K) and optically thick 
regions heated by hotter stars. The degeneracy exists where 
cool stars do not emit much radiation above 35 eV to gen- 
erate 2+ , and so these nebulae are entirely dominated by 
+ . Again, ionization parameter mapping based on three 
ions, adding S 2+ for example, can resolve the degeneracy 
(Figure [TJ. However, we stress that this problem applies pri- 
marily to the lowest-luminosity objects, and as we show be- 
low, their aggregate luminosity is insignificant compared to 
the total amount of energy found to be escaping all Hll re- 
gions. 

Finally, we again caution that for a population of randomly 
oriented blister Hll regions, it is likely that the orientation 
of some objects will cause a projected ionization-parameter 
gradient that appears optically thick on the limb, but is op- 
tically thin in the line of sight. The most extreme example 
is of a half-sphere, blister nebula viewed directly face-on: 
despite having / csc = 0.5, the projected region is circular 
and will show an ionization transition zone associated with 



the optically thick half. However, as discussed in £2.1 the 
ionic ratios of [SII], [OIII], and Ha across the central re- 
gion of these nebulae should show a deficit in lower-ionization 
spe cies t hat is incompatible with optically thick models (Fig- 
With further constraints on the ionizing SED and 
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ure 

a quantitative evaluation of these ratios, we can still measure 
their optical depth. Thus, there may be instances where op- 
tically thin Hll regions are initially misidentified as optically 
thick, but these can be identified by quantitative examination 
of spatially resolved ionic ratios. If objects are misidentified, 
this again would favor underestimates of TL y c- 

Hence, the caveats identified above can be resolved by 
ionization-parameter mapping in three ions and quantitative 
evaluation of the entire nebular projection. We note that these 
fairly manageable issues all work to underestimate the opti- 
cal depth of Hll regions. Thus, ionization-parameter map- 
ping shows great promise as a powerful tool in studies of the 
ISM. Emission-line ratio maps neutralize variations in surface 
brightness, clearly revealing changes in ionization structure 
for bright and faint regions alike. The power of the technique 
is that it allows us to identify optically thin Hll regions by 
the absence of the low-ionization envelope, which can only 
be explained if the nebula is density-bounded. 

3. IONIZATION-PARAMETER MAPPING OF THE LMC AND SMC 

We now apply our technique of ionization-parameter map- 
ping to the Large Magellanic Cloud (LMC) and Small Mag- 
ellanic Cloud (SMC), which have been mapped with narrow- 



band emission-line imaging by the MCELS survey. This is a 
spatially complete, flux-limited survey carried out at the Cerro 
Tololo Inter-American Observatory (CTIO) with the Univer- 
sity of Michigan's Curtis 0.6/0. 9m Schmidt telescope. Over 
the course of 5 years, the LMC and SMC were imaged in 
[SII]AA6717, 6731, [OIII] A5007, and Ha, with respective 
filter widths of 50, 40 and 30A The Ha filter bandpass in- 
cludes [N II]AA6548,6584 at a reduced throughput. The final 
product, mosaics in both low and high-ionization line emis- 
sion, and in the Ha recombination line, traces the ionized ISM 
at both large and small scales. The process of mosaicking the 
images resulted in a binned pixel scale of 3.0 and 2.0 arcsec 
pixel -1 for the LMC and SMC, respectively. These corre- 
spond to a spat ial scale of 0.7 pc and 0.6 pc for distances 
of 49 kpc (|Macri et aTT1|2006|> and 61 kpc (|Hilditch et~aT 



2005 ), respectively, with an effective resolution of ~ 5 arc- 
sec. The l-a surface-brightness limit of each band is listed 
in Table [T| These are the sensitivities per pixel, expressed as 
surface brightness in erg s -1 cm -2 arcsec -2 and Ha emis- 
sion measure (EM) in pc cm -6 . Such depth is important to 
forming a complete understanding of the WIM ionization, and 
how / csc depends on star formation intensity and Hll region 
properties. 

The MCELS survey includes continuum observations cen- 
tered at 5130 A and 6850 A, with effective bandpasses of 
155 A and 95 A , respectively. These were use d to produce 
a con tinuum-subtracted mosaic of the SMC (Winkle r et al.| 
2005 | l. Based on spe ctrophotometric obs ervations of the SMC 
region NGC 346 by Tsamis et al. ( 2003), we estimate that the 
flux calibration of the continuum-subtracted data has uncer- 
tainties on the order of 20%. At present, the LMC data are not 
yet continuum-subtracted. To flux-calibrate the LMC data, 
we use d spectrophotometric observations by |Pellegrini et al.| 
(2010), extracting MCELS line fluxes along the length of slit 
position 5 in that paper to determine the flux constants. We 
also compare against the flux-calibrated, narrow-band data 
obtained on the SOAR telescope in a 30 arcsec circular aper- 
ture at the position, a = 05:38:56.9, S =-69:05:21.8 (J2000) 
(Pellegrini et al. 2010). We find that the comparisons agree 
within approximately 20%, which then corresponds to the 
systematic uncertainty in our flux calibration. 

We generated line-ratio maps of [SII]/[OIII] for both the 
LMC and SMC using IRAFPl with the LMC maps based 
on non-continuum-subtracted emission-line images, and the 
SMC maps based on continuum-subtracted images. These ra- 
tio maps, which probe the ionization parameter in the ionized 
gas, are shown in Figures [6] and [7] respectively. 

3.1. Ionization-based HII region catalogs 

Ionization-parameter mapping allows us to assign 
physically-motivated Hll region boundaries in complex, con- 
fused regions with multiple ionizing sources. In areas where 
Hll regions are overlapping, or are found in complex ionized 
backgrounds, the ionization stratification makes it possible to 
isolate individual photoionized regions, which is impossible 
with imaging in only Ha or any single line. In particular, 
ionization-parameter mapping allows us to define nebular 
boundaries based on both ionization structure and Ha surface 
brightness S'(Ha) morphology. The examples in Figure [8] 

1 IRAF is distributed by the National Optical Astronomy Observatory, 
which is operated by the Association of Universities for Research in Astron- 
omy (AURA) under cooperative agreement with the National Science Foun- 
dation. 
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TABLE 1 

MCELS l-<7 SURFACE BRIGHTNESS DETECTION LIMITS 





5(Hq) 


EM(Htt) 


S([OIIl]) 


5[SII]) 


Galaxy 


erg s _1 cm~ 2 arcsec — 2 


pc cm~ 6 


erg s 1 cm 2 arcsec 2 


erg s 1 cm 2 arcsec 2 


LMC 


7.0E- 18 


3.5 


1AE - 17 


5.2E - 18 


SMC 


7.2E- 18 


3.6 


5.4E - 17 


1.0E - 17 



NOTE. — Values shown are the l-cr uncertainties in a single pixel for surface brightness and emission 
measure as shown. The LMC data are not continuum-subtracted and have a pixel scale of 3 arcsec, while the 
SMC data are continuum subtracted and have a pixel scale of 2 arcsec. 




FIG. 6. — The map of log [S II]/[0 III] for the entire LMC galaxy created from the MCELS narrow-band imaging data. Black corresponds to low [S II]/[0 III]; 
ratio map is not based on continuum-subtracted data. North is up, east to the left in the center of the field. 
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FIG. 7. — Same as figure[6]for the SMC galaxy. This ratio map is based on continuum-subtracted data. 
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demonstrate how ionization-parameter mapping generates 
contrast between the DIG and low surface-brightness, ex- 
tended Hll regions that are independently ionized entities. In 
the Ha image (right panel of Figure^}, the objects DEM S 10 
and DEM S49 are amorphous regions that blend into the 
surrounding DIG with ambiguous boundaries. In contrast, 
the [SII]/[OIII] ratio map clearly shows them as distinct 
regions. The boundaries of optically thick objects are usually 
unambiguous because these are characterized by a stratified 
ionization structure as described above, accompanied by a 
sharp decrease in surface brightness. 

Since previous nebular catalogs for the Ma gellanic Clouds 
are based o nly on Ha morphology (e.g., |Henize| 1956 Davies 
et al.|1976 1, we use these more sophisticated criteria based on 



ionization-parameter mapping to compile a more physically- 
based catalog of Hll regions in these galaxies. In the case 
of extended, optically thin objects that show only gradual 
changes in [SII]/Ha or [SII]/[OIII], we define the Hll re- 
gion boundary to be the point at which either the S'(Ha) 
or the ionic ratio become indistinguishable from the DIG, 
whichever is larger in size. We defined photometric aper- 
tures with polygons in SAOImage DS9, for both target ob- 
jects and local background regions; we used the FUNCNTS 
routine from FUNTOOLS3 to measure the fluxes. Errors in 
the background subtraction dominate the flux uncertainties 
for both galaxies. We compared the background-subtracted 
fluxes of bright, i solated LMC and SMC Hll regions to the 
fluxes reported by Kennicutt et al. (1989]) and found them to 
agree within 20%. Our LMC photometry includes a contribu- 
tion from field stars and OB associations because the data are 
not continuum-subtracted. Therefore, the photometry of faint 
objects, especially seen in [SII] and [OIII] filters, are at risk 
of being dominated by stellar continuum. We minimize this 
contamination by avoiding foreground Galactic stars and also 
sampling the local density of field stars with our background 
apertures. Despite the careful creation of apertures, the dif- 
ference between stellar populations inside and outside the HII 
regions may still introduce significant errors, since the most 
massive, brightest stars often reside within HII regions. The 
resulting effect is to introduce an error of ~ 10% in the Ha 
luminosity L, accounted for in the 20% uncertainties above. 

We also explored the limiting case of applying a con- 
stant background to all objects. For the LMC, we cal- 
culated this background from the mean of three locations, 
two in the north and one in the south to estimate the con- 
tamination from sources producing a constant background 
such as the sky, large scale diffuse emission, etc. We 
find the mean, constant background S'(Ha) = 5.2 x 
10 -16 erg s _1 cm~ 2 arcsec~ 2 . For the SMC, we determined 
the background of the continuum-subtracted Ha image to be 



consistent _with zero (7 x 10 18 ± 7 erg s 1 cm 2 arcsec" 



2. 



cf. Table Uj. For the both galaxies, subtracting the median 
backgrounds affects the the resulting L by no more than 0.2 
dex, and does not substantively change our results. 

Our Hll region catalogs for the LMC and SMC defined 
with these ioniz ation -bas ed c riteria are presented in Ap- 
pendix B, Tables |B1| and |B2| which give luminosities and 
associated Hi column densities for 401 objects in the LMC, 
and 214 in the SMC. 



https://www.cfa.harvard.edu/~john/funtools/ 



3.2. The HII region Luminosity Function 

We find that our Hll region boundaries and Ha luminosities 
generally agree with those dete rmined in previous, Ha-only 
studies of Kennicutt et al. ( 1989|l, i ncluding the substructure 
in most of the DEM ( [Davies et aT]|1976| ) and |Henize| ( |1956| l 
surveys. This is especiall y true for simp le objects with a low 
local background. Figures [9(a)| and [9(b)| show the differential 
Hll region luminosity functions (Hll LF) for our new LMC 
and SMC catalo gs, respectively (squ ares), together with those 
generated by Kennicutt et al. (1989) (crosses), fitted above 
logi = 37.0 (where not explicitly stated, the units of L are 
erg s -1 ). The power-law slope of the LMC Hll LF reported 
by Kennicutt et al. is B — 1.75 ± 0.15, where 



dN(L) cx L~ B d{L) 



(2) 



This is statistically consistent with the fitted Hll LF slope for 
our data, B — 1.79 ± .08. An identical analysis for the 
SMC, as shown in Figure |9(b)| yields Hll LF slopes of B = 
1.88 ±0.09, for our new catalog, compared to a reported slope 



of 1.9 from Kennic utt et al.| ( 1989). Thus, although previous 
measurements of the Hll LF do not use our ionization-based 



criteria, they result in essentially identical LF slopes. 

Both Magellanic Cloud Hll LF slopes flatten around 
log L = 37.0, which is equivalent to Q(H°) = 48.9s" 1 . This 
flattening is observed in other galaxies, including the Milky 



Way (Paladini et al. 
dAzimlu et al.|"201 1 



2009 ), M51 ([Lee et al.pOTl) and M31 
, whose Hll LFs probe log L 



([Azimlu et al.|2011|) , whose Hll LFs probe log L < 36.0 
The observed flattening of the Hll LF i n this regime was pre 
diet ed in Monte Carlo s imulations by |Oey & Clarke| ( |1998| ) 
and |Thilker et al.| (f2"002), and it is caused by stochastic lon- 
izing populations at these low luminosities. For comparison, 
log L — 37.0 is the luminosity of the Orion Ne bula, whose 
parent ionizing cl uster has a mass of 4500 M. q ( |Hillenbrand 
& Hartman nj 1 998| ), dominated by a single 06.5 V star. 

A final caveat: at the lowest luminosities, there is a decrease 
in the Hll LFs. This is clearly established for log L < 36.5 in 
both galaxies, and perhaps higher. The drop in source counts 
could be an indication that below this L we are not com- 
plete. Alternatively, since the stellar ionizing fluxes plum- 
met strongly for stars later than early B spectral types, this 
turnover in the Hll LF signals an intrinsically different class 
of ionizing sources and nebular objects. These must include 
individual Hll regions of later B-type stars, and perhaps some 
faint, optically thin nebulae that are intrinsically weak in re- 
combination lines due to their low optical depth. There also 
may be some shock-heated filaments, although we tried to 
avoid most of these. Planetar y nebulae should no t be impor 
tant above L ~ 5e35 erg s _1 (jAzimlu et al. 201 1 



3.3. An enigmatic, highly ionized region 

The technique of ionization-parameter mapping is effec- 
tive at highlighting large, extremely faint structures. The 
[SII]/[OIII] ratio map of an LMC object at a = 04:55:50 
S = 67:30:50 is shown in the left panel of Figure 10 with 



an inner ellipse to mark the extent of highly ionized and fila- 
mentary gas. The middle panel shows a larger c ontour that 
highlights an HI cavity seen in the Hi data of Ki m et aT] 
(2003) with a major axis of 550 pc and Hi column density 
AT(HI) = 0.6 x 10 21 cm -2 . Both ellipses have the same ori- 
entation suggesting they are related. The right panel of Fig- 
ure [10] shows faint Ha emission is co-spatial with the [OIII], 
whfleno [SII] was detected. This indicates that the optically 
emitting gas is fully ionized. This structure is intriguing be- 



Optical Depth of LMC and SMC Hll regions 



9 





FIG. 8. — [SII]/[OIII] ratio map (left) and Ha (right) for an SMC region, demonstrating the advantage of using [SII]/[OIII] in combination with Ha to define 
the boundaries of extended Hll regions coincident with complex background structures (e.g., DEM S49), and those with extended, faint emission (e.g., DEM S 10, 
MCELS-S3). We indicate Hll region boundaries for DEM S 10, DEM S49 and MCELS-S3 with dashed lines in both images. 
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FIG. 9.— The LMC (panel a) and SMC (panel b) Hll LFs for our cat- 
alogs of photoionized Hll regions (squares), and from Kennic utt et al.| 
1 1989 l(crosses). Power law fits to the data, weighted by inverse error, are 
shown with the solid and dotted lines, respectively, for our data and those of 
Kennicutt et al. 



cause the [SII]/[OIII] morphology is similar to optically thin 
nebulae ionized by OB stars, yet no ionization sources are 
known in the region, nor is there evidence of a prior super- 
nova or shocked gas. The size and faintness of this highly 
excited region, together with the lack of an ionization source, 
make this object unique. Further observations to identify its 




FIG. 10. — A large, highly ionized bubble with no known ionization 
source. Left: [SII]/[OIII] ratio map; Center: Hi column density map of the 
region; Right: The region in Ha. All panels are shown with the same scale, 
where north is up and east left. The central contour marks the boundary 
where the object is indistinguishable from the background, while the larger 
contour marks the rim of the bubble seen in Hi. 



nature and origin are required. 

4. OPTICAL DEPTH OF THE H II REGIONS 

^From the diagnostics based on ionization structure as de- 
scribed in f|2| we classify the optical depth of our individual, 
catalogued Hll regions into the following categories: (0) in- 
determinate, (1) optically thick, (2) blister, (3) optically thin, 
and (4) s hoc ked nebulae. These are given in Column 4 of Ta- 
bles IbT] and B2 Class objects, with indeterminate optical 
depth, fall into two categories: those which lack [OIII] emis- 
sion, causing a high [SII]/[OIII] ratio, with little ionization 
structure; and large scale, diffuse structures. This latter cat- 
egory is difficult to define morphologically, but since many 
objects in the DEM LMC catalog include these features, we 
have attempted to catalog them as well. Optically thick ob- 
jects (class 1) show classic, low -ionization envelopes enclos- 
ing central high-ionization regions, as described in fj3J blister 
nebulae (class 2) are defined by a low-ionization envelope that 
surrounds no more than half of the observed object; and opti- 
cally thin (class 3) objects show low [SII]/[OIII] throughout, 
with no low-ionization envelopes (see Figures|3|and|4|. Since 
we have observations in only two diagnostic ions, some of 
the class 3 objects in reality may be quite optically thin, but 
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we ca nnot further constrain the optical depth in these objects 
(|2.2|i. However, these rough classifications already set solid 



constraints with which to quantitatively investigate the radia- 
tive transfer of LyC radiation in these two galaxies. Shocked 
objects (class 4) are characterized by an ionization structure 
which is inverted relative to photoionization, i.e. these objects 
are have enhanced [OIII] emission surrounding strong [SII]. 
Our survey of shocked objects is not intended to be complete, 
and we typically avoided cataloguing them. Since these are 
not photoionized, they are excluded from further considera- 
tion. 

We roughly estimate the LyC escape fraction / esc for each 
object in classes (1) - (3) as follows: optically thick objects 
are assigned / esc = 0; optically thin objects are assigned 
r LyC = 0.5, which corresponds to / csc = 0.6; and blister 
objects are assigned a value of / csc that is half that for the op- 
tically thin objects, namely, / csc = 0.3. To confirm that these 
estimates are reasonable, we compare t hem to objects with 
known optical depths based on data from Voges et al. (2008 ), 
who compared the observed L to predicted values based on 
the spectral types of individual ionizing stars for a sample of 
LMC Hll regions. Although, as mentioned earlier, there is 
considerable uncertainty in optical depth estimates based on 
this method, it remains the most direct, quantitative way to 
check our results based on ionization-parameter mapping. 

Voges e t al. adopted ionizing fluxes from the WM-basic 
models of Smit h et aL| (|2002 ). These SEDs are intermediate 
in hardness among the different available, modern codes, and 
best fit the observed nebular emission-line spectra (Zas trow et| 
al.|201 la) . Due to the large uncertainty in determining spec- 
tral types of O stars from photometry alone, we restrict our 
comparison with the Voges et al. (2008 ) sample (their Tables 
1 and 3) to objects having stellar spectral types determined at 
least in part by spectroscopic classifications, with a further re- 
quirement that at least half of the derived ionizing luminosity 
is attributed to stars with spectroscopic spectral types. These 



includ e a reanalysis of Hll regions from |Oey & Kennicutt 
(1997), which is based entirely on spectroscopic clas silica- 



tions with individually measured reddenings, listed in Table 1 
of Voges et al. We exclude DEM L 7, L 9 and L 55 because 
they are class objects, and DEM L 229, which displays evi- 
dence of shock excitation. 



Usin g the predicted Ha luminosities from Voges et al. 
(2008), and our new observed Ha luminosities, we calculate 
individual / esc values for each nebula according to 



/csc 1 -^obs /-^predicted 



(3) 



et al 
object 



The predicted luminosity is derived from the expected rate of 
ionizing photons Q(H°) assuming each absorbed LyC pho- 
ton will result in 2.2 Ha photons. In Table [2] we present 
the /e S c values for the 13 Hll regions, companng the rough 
estimates obtained from ionization-parameter mapping as de- 
scribed abov e with measurements based on the data of |Voges| 
([2008 ). Column 1 gives the DEM identifier for each 
and column 2 gives our crude / csc estimated from 
ionization-parameter mapping, as described abov e. Column 
3 gives / csc estimates based on data from Voges et al.| ( p008] ) 
with values derived from known stellar spectral types. 

Figure 11 plots the comparison between / csc estimated 
from our rough classification of optical depth based on 
ionization-parameter mapping and the measured values based 
on the data of |Voges et al. (2008 1. There is a general 
agreement between our crude estimates for / csc based on 
ionization-parameter mapping and the measured values based 



on the observed ionizing stars, for all but 1 object; the stan- 
dard deviation from the identity relation is a = 0.22, exclud- 
ing DEM L 293 (see below). Although, as discussed in \ 2.2 
our values for / osc are all lower limits, especially for objects 
categorized as o ptically thick, and / osc values derived using 
Voges et al. (2008 ) are also lower limits, the surprisingly good 
correspondence suggests that both methods actually yield rea- 
sonable estimates of the optical depth. 

The Voges et al. escape fraction of DEM L 293 is -1.52, 
which is an unphysical value, placing it far beyond the bounds 
of the plot in Figure 11 The predicted ionizing luminosity 



in DEM L 293 is observationally attributed to only a single 
03 III star. However, given the typical cluster mass in which 
03 III stars form, additional, obscured or overlooked ioniza- 
tio n sources in th is cluster are likely to be present. In particu- 
lar, Walbor rTet al.| ( |20 02 ) identified an odd semi-stellar source 
within DEM L 293 which is brighter than the single 03 III 
star. If the ionizing luminosity of this source is equal to an 
03 III star then the V08 / csc would then be -0.52, much closer 
to the / csc value derived from ionization-parameter mapping. 

Overall, however, our extremely crude estimates of / esc 
based on ionization-parameter mapping show surprisingly 
good agreement with the empirically measured / csc . In spite 
of the fact that our estimates tend to yield lower limits, the 
general agreement confirms that objects appearing to be op- 
tically thic k in deed tend to be radiation-bounded. As men- 
tioned in {2.1 this is also supported by their morphology 
generally resembling smooth, Stromgren spheres. Figure fll| 
demonstrates the general viability of ionization-parameter 
mapping as a diagnostic of nebular optical depth. 

4.1. Optical depth and Ha luminosity 

Table [3] summarizes the median nebular prope rtie s for each 
optical depth class as catalogued in Tables Bl and B2 Col- 
umn 2 gives the number of objects in each class in the LMC. 
Column 3 gives the corresponding percentage of the total 
number of objects that are clearly photoionized, thus exclud- 
ing class and class 4 objects from the total numbers of pho- 
toionized nebulae. C olum ns 4 and 5 give the median L and 
median TV (HI) (see \ A.2 below) associated with the objects, 
respectively. Columns 6 - 9 list the same quantities for the 



a. 



C 




-0.2 



(IPM) 



FIG. 1 1 . — Our / csc values estimated from ionization-parameter mapping 
plott ed against / esc calc ulated from observed and predicted ionization rates 

" / csc derived from both methods are 
I set of arrows. 



from |Voges et al.|(2008) . The values of / e . 
lower limits, illustrated by the orthogonal s< 
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TABLE 2 
Comparison of / csc estimates 



Object 


/ esc (IPM) a 


f eBC (V08) b 


DEM L 10B C 


0.24 


-0.05 


DEM L 13 


0.30 


0.38 


DEM L 31 


0.60 


0.49 


DEM L 34 


0.30 


0.55 


DEM L 68 c 


0.59 


0.58 


DEM L 106 


0.30 


0.37 


DEM L 152+156 


0.00 


0.27 


DEM L 196 


0.03 


0.13 


DEM L 226 


0.00 


-0.05 


DEM L 243 


0.00 


0.47 


DEM L 293 


0.00 


-1.52 


DEM L 301 


0.30 


0.21 


DEM L 323+326 


0.60 


0.43 



Note. — 

a /esc derived via ionization-parameter map- 
ping. 

b /esc derived fro m predicted Ho fluxes from 
Voges et al. 1 2008 1 and equation]!] 

Composite objects whose / osc values reflect 
the luminosity-weighted contributions of indi- 
vidual optically thin and thick subregions. 



SMC. 

Figure 12 shows the L distributions for the LMC (solid, 
blue line) and SMC (dotted, red line), of optically thin nebulae 
(thin lines) and optically thick nebulae (thick lines). The op- 
tically thin data include blister Hll regions as defined above. 
The distributions are normalized by the number of Hll regions 
in the last row of Table [3] Figure 12 and Table p] show that 
for both galaxies, the L aistributions for optically thick ob- 
jects peak at lower luminosities than those for the optically 
thin ones. This difference in median L is larger in the LMC, 
producing a bimodal distribution, with that for optically thin 
nebulae 5 times brighter than for the optically thick ones (Ta- 
ble [5J. The median L of optically thin SMC nebulae is only 
twice that of optically thick, as expected given the lower star- 
formation rate in that galaxy, and fewer luminous Hll regions. 
However, the L distributions for the different classes are simi- 
lar between the two galaxies, showing peaks near similar val- 
ues and similar ranges in luminosity. The role of dust in these 
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FIG. 12. — The LFs for optically thin nebulae, including blister objects; 
and optically thick nebulae, shown with thin and thick lines, respectively. 
The LMC distributions are shown with solid lines (blue) and the SMC are 
shown with dashed lines (red). 



trends is unclear. It is possible that two Hll regions with sim- 
ilar ionizing luminosities will have different f csc if one has 
more dust than the other. This could explain the coexistence 
of optically thin and thick regions in the same luminosity bin. 

we plot the frequencies of optically thin neb- 
a function of L. Both galaxies exhibit a clear in- 



In Figure [T3 
ulae as 



crease in the frequency of optically thin nebulae with increas- 
ing Ha luminosity. However, we stress that both optically 
thick and thin objects are found at almost all luminosities hav- 
ing log L < 39.0. Table [3] also shows that the frequencies 
of optically thick (~62%) and optically thin objects (~38%, 
including blisters), agree between the two galaxies. Further- 
more, there is a transition luminosity above which optically- 
thin nebulae dominate, log L = 37.0, occurring at the same 
luminosity in both galaxies. Beckman et al. (2000) speculated 
that such a transition is responsible for possible discontinu- 
ities observed near log L = 38.6 in extragalactic Hll LFs, 
but our data clearly show that optically thin objects dominate 
at luminosities a full 1 .6 dex lower in L. 

It will be interesting to see how strongly our transition value 
of log L = 37.0 depends on galaxy properties. This rela- 
tively low luminosity corresponds to nebulae ionized stochas- 
tically by singl e O stars or sub stantially evolved associations 
and clusters ( |Oey & Clarke|199 8 ). Thus, most of the objects 
typically apparent in Figures |6| and [7] as well as those t ypi- 
cally detected in local surveys (e.g. Thilke Fet al.| 2002 > are 
the more luminous Hll regions, which are mostly, but not all, 
optically thin. The most luminous objects have the highest 
likelihood of being optically thin, including 30 Doradus in 
the LMC, and the N66 in the SMC. These are indeed found 
to be optic ally thin in our study, a result consistent with the 
findings of Pellegrini et al. ( 201 1 1 in 30 Dor, and the low opti- 
cal depth fo und for other giant extragalactic Hll regions (e.g., 
ICastellanos et al.|2002| >. 

4.2. Relation with the Neutral ISM 

The neutral ISM represents the default environment into 
which ionizing photons from optically thin regions are de- 
posited, and its properties are fundamental to the radiative 
transfer of the Lyman continuum. The Magellanic Clouds 
were mapped in Hi with the Austral ia Telescope Compact Ar- 



ray by |Kim et aL) | |2003) (LMC) and jStanimirovic et al.| ( 1999) 
(SMC). The LMC is a face-on disk galaxy, while the SMC 
has a more amorphous, three-dimensional irregular morphol- 
ogy. The LMC Hi data have 60 arcsec resolution over the 
11.1° x 12.4° survey area; the SMC Hi data have a resolution 
of 98 arcsec over the 5° x 5° field. We now explore the rela- 
tionship between nebular optical depth and the neutral ISM. 

Figure [14] traces the propagation of radiation in the LMC 
(top) and SMC (bottom) using [SII]/[OIII] (red), [OIII]/Ho 
(blue) and iV(HI) (green). The contrast in ionization mor- 
phology between the two galaxies is striking. As ionizing ra- 
diation enters the diffuse ISM, it encounters a combination 
of ionized and neutral gas. The LMC neutral disk has been 
disrupted, form ing shells and filaments surrounding the ion- 
ized gas ( Kim et aT|l998| ). These structures are believ ed to 
be the result of stellar feedback acting on the ISM (e.g. Oey 
|& Clarke|[l997| ). Often, optically thin Hll regions line the 
edges of large Hi shells, radiating LyC photons into their in- 
teriors. A few examples are highlighted with arrows in the 
LMC (Figure 14 1. These large-scale Hi structures appear to 
allow ionizing radiation to travel hundreds of pc without being 
absorbed. 

The SMC, on the other hand, has a less fragmented Hi 
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TABLE 3 
Median H II Region Properties 



LMC 



SMC 



Class 


No. 


% a 


L 

10 36 ergs -1 


AT(HI) 
10 21 cm" 2 


No. 


% a 


L 

10 36 ergs" 1 


/V(HI) 
10 21 cm" 2 


(0) Indeterminate 


129 




3.7 


1.8 











(l)Opt Thick 


162 


62 


3.6 


2.8 


132 


62 


1.9 


6.4 


(2) Blister 


45 


17 


19.9 


1.8 


38 


18 


4.6 


5.0 


(3) Opt Thin 


56 


21 


15.4 


2.2 


42 


20 


4.3 


5.6 


(4) Shocked 


9 




15.6 


1.8 


2 




1.5 


5.7 


(2) + (3) 


101 


38 


16.9 


1.9 


80 


38 


4.5 


5.1 


(l)+(2)+(3) 


263 


100 


5.1 


2.5 


212 


100 


2.6 


5.9 



NOTE. — "Percentages are calculated for photoionized objects, based on total values in the bottom row. 
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FIG. 13. — The fraction of optically th in H ll r egio ns as a function of L is 
shown for the LMC and SMC in panels [(a)] and |(b)| respectively. Optically 
thin objects dominate above a fraction ot 0.5, indicated by the horizontal 
dotted line. 



structure (Stani mirovic et al.|1999| l. The neutral ISM in this 
galaxy is much more diffuse and less filamentary than that 
in the LMC (Oey 2007). Intense and vigorous star forma- 
tion is at the center of the two most prominent Hi masses. 
The first is coincident with N66 near the northern boundary 
of the galaxy. Lines of sight toward this optically thin region 
show that TV (HI) anti -correlates with highly ionized gas (Fig- 
ure 14 1. Thus, in this region, Hi is being disrupted by the 
ionizing radiation entering the diffuse ISM. The second re- 
gion is located in the SW portion of the galaxy. Despite a 
high iV(HI), this region contains many optically thin nebu- 
lae, which form a large complex filled with a highly ionized 
DIG. To improve our sensitivity to ionization transitions in 
the DIG, we applied an 11 x 11 arcsec 2 median filter to the 
[SII] and [OIII] data, creating a smoothed [SII]/[OIII] map. 



The region is seen in Figure 15 in the inverted map (left) and 
7V(HI) (right). The enhancedsensitivity reveals an ionization 
transition zone coincident with the edge of the Hi distribu- 
tion. Thus, the Hi gas appears to be trapping the ionizing ra- 
diation, while individual nebular / csc depends on the detailed 
morphology. 

Given the strong morphological contrast between the two 
galaxies, in the Hi properties and star-formation rate density, 
the quantitative similarities in the nebular optical depths found 
above in Qare surprising. In particular, despite expectations 
that the reduced ./V(HI) and higher star-formation rate density 
of the LMC would lead to more optically thin nebulae, we saw 
above that the relative numbers of optically thin and thick ob- 
jects generally agree between the two galaxies (Table B), with 
around 62% optically thick and 38% optically thin, including 
blisters. It will be important to see whether other galaxies also 
yield similar relative frequencies. 

4.2. 1 . Optical Depth and iV(HI) 



Figure 16 shows the 7V(HI) distribution for optically thin 
(thin linesTand thick nebulae (thick lines) for the LMC (solid 
blue lin es) and SMC (dott ed red lines). We used the iV(HI) 
maps of Kim et al. (2003 1 for the LMC and Stanimirovic et 



al. ( 1 999|for the SMC, to average the N(Bl) within the in- 



cfividual Hll region apertures for each object, as defined in 
We caution that these measurements correspond to the 



3.1 



rJ (HI) along the line of sight toward the objects. Because the 
SMC has a more three-dimensional geometry than the LMC, 
which is an almost face-on disk, the iV(HI) measurements for 
the SMC include a larger contribution from foreground and 
background ISM than in the LMC. However, we note that the 
SMC metallicity and dust content are only one-fifth that of 
the LMC; thus, for the same TV (HI), t LyC will be lower in 
the SMC. Hence the less abundant dust may somewhat offset 
the effect of increased TV (HI) in this galaxy. Still, because of 
the contrasting galaxy morphologies, the difference in median 
7V(HI) between optically thin and thick populations within 
each galaxy is smaller than the difference in global median 
7V(HI) between the two galaxies. Specifically, the median 
value of all LMC Hll regions is 2.4 times lower than in the 
SMC (Table [3]), while the relative median iV(HI) of optically 
thin (class 2 + 3 objects) and thick (class 1) objects is 0.67 
and 0.79 in the LMC and SMC, respectively. 
Figure 16 shows that, for both galaxies, the TAT (HI) distri- 



butions for optically thin and thick nebulae are similar to each 
other, but that the former are weighted more toward lower 
columns, as expected. For both galaxies, the median TV (HI) 
of optically thin nebulae is a factor of 1.35 ± 0.10 times lower 
than for those which are optically thick (Table [3]). However, 
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Red - [SII]/[OIII] 
Blue - [0111] / Ha 
Green - N(HI) 




Red - [SII]/[OIII] 
Blue - [OIII]/Ha 

Green - N(HI) N66 



DEM SI 67 




(b) SMC 



FIG. 14. — Composite images of the LMC (top) and SMC (bottom), which contrast the different ISM structure seen in the two galaxies. [OIII]/Ha (blue), 
[SII]/[OIII] (red), and ./V(HI) (green) respectively trace high-excitation nebulae, low-excitation gas, and neutral gas along the line of sight. 
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highlight low-ionization regions, thus black corresponds to areas of low ionization. Surrounding t he entire complex is an io nization transition zone (black). This 
transition zone is coincident with the boundaries of a massive Hi cloud seen in the ./V(HI) map of Stanimirovic et al.]jl999| (right). 
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we note that even in the LMC, which has minimal line-of- 
sight projection effects, the AT (HI) distribution for optically 
thin objects extends up to ./V(HI) = 6 x 10 21 cm~ 2 , a value 
almost as high as those for the optically thick ones. 

In Figure 17 we show the relative frequency of optically 
thin nebulae as a function of 2V(HI) in the LMC and SMC. 
As expected, we see a strong decrease in the frequency of op- 
tically thin objects with increasing Hi column, although as 
emphasized above, there are still optically thin objects found 
near the highest iV(HI). In both galaxies, there is a transition 
iV(HI) below which optically-thin nebulae constitute the ma- 
jority, at 2.5 x 10 21 cm~ 2 in the LMC, and 5.5 x 10 21 cm~ 2 
in the SMC. The SMC transition TV (HI) is 2.2 times higher 
than in LMC, which is consistent with the 2.4 times higher 
median TV (HI) value for all Hll regions in the LMC relative 
to the SMC, due to line-of-sight ISM projection. Thus, in 
spite of the very different Hi morphology between the two 
galaxies, the quantitative relationship between nebular optical 
depth and Hi column is remarkably similar. 

5. GLOBAL ESCAPE FRACTIONS 

While the frequency of optically thin vs thick Hll regions 
is similar in both galaxies, it is the structure of the diffuse 
ISM that ultimately determines how many ionizing photons 
heat the galaxy, and how many escape into the IGM, a quan- 
tity crucial to our understanding of cosmic evolution. Fig- 
ure [14] highlights how, in comparison to the SMC, the evacu- 
atedTSM of the LMC allows the radiation produced in these 
regions to travel farther, and perhaps leave the galaxy. In the 
SMC much of the ionizing radiation escaping Hll regions is 
unable to penetrate the higher apparent Hi column. This dif- 
ference highlights how the optical depth of individual Hll re- 
gions is independent of the global optical depth of the galaxy 
as a whole. We now explore the global escape fractions for 
the Magellanic Clouds. 

5.1. HII Region Location 



Gnedin et al. (2008) highlighted the importance of Hll re- 
gion location on the escape of ionizing radiation from galax- 
ies. In the LMC and SMC, the largest and most luminous Hll 
regions are found toward the galaxy edges, and these objects 
are apparently optically thin. Take for example DEM S167, 
seen i n the southeast extreme of the SMC (Figures [7] and 



14(b)] ). In Figure 18 the transition in ionization is shown in 
l^TTMOIII] (left) coincident with the Hi shell SSH97 499 
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FIG. 16. — The normalized A r (HI) distributions for optically thin and opti- 
cally thick nebulae, shown with thin and thick lines, respectively. The LMC 
and SMC distributions are shown with solid lines (blue) and dashed lines 
(red), respectively. These have been scaled by the total number of objects in 
each group. 
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FIG. 17. — The frequency of optically thin Hll regions vs line- of-si ght 

tHI) within the object apertures, for the LMC and SMC in panelsnaMand 
respectively. Optically thin objects dominate above a fraction ot 0.5, 
cated by the horizontal dotted line. 



( |Stanimiroyic et al.|19 99) (right). These diagnostics indicate 
that part of the region is optically thick. However, there is 
[OIII] emission extending to the south, well beyond the ion- 
ization transition zone. The existence of extended [OIII] im- 
plies a large nebular escape fraction. The significance of es- 
caping radiation from DEM S167 is amp lified by its location 
near the edg e of the SMC (Figu re 1 14(b) i. 

Following Vog es et aT] (|2"008 ), we compare the expected Ha 
luminosity from the stellar population to the observed value. 
The predicted Ha luminosity from 7 known O stars, ranging 
from 04V to 09.5V, was derived using the observed relation 



Martins et al. 



(2005). 



between spectral type and Q(H°) from 
This includes a rare, well studied W04+04 binary, for which 
we adopt the luminosities reported by |St-Louis et al. (2005 ) 
equal to 75% of the total ionizing budget. The predicted Ha 
luminosity is logL = 38.137, implying J C sc= 27%, consis- 
tent with our estimate of 30% from ionization-parameter map- 
ping. As the eastern-most known SMC Hll region, its blister 
opens away from the galaxy, making it a prime candidate to 
contribute to the galactic escape fraction. The escaping UV 
radiation wo uld be detectable o nly from certain directions as 
predicted by |Gnedin etaL] ( |2008| ). 

5.2. Hll region luminosity 

The most luminous Hll region in the LMC is 30 Doradus, 
ionized by the cluster R136a. It has a reddened luminosity 
of log L = 39.66, and it is ionized by hundreds of O stars. 
Similarly, at log L = 38.82, the brightest nebula in the SMC 
is N66, ionized by at least 30 O stars in the cluster NGC 346. 
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FIG. 18. — The optically thin Hll region DEM S 167 located at the south- 
east boundary of the SMC. The left panel, showing [SII]/[OIII], shows a 
strip running N-S with spuriously enhanced levels of [OIII]. However, ex- 
tended [OIII] emission (black) is clearly detected beyond the southern nebu- 
lar boundary, in excess of the artifact 's signal. The right panel shows the Hi 
column density map from I Stanimirovic et al. 1999), demonstrating that the 
[OIII] emission extends beyond the HI shell. The star indicates the location 
of the W04+04 binary, and the ionization-based boundary of the nebula is 
shown as a black dashed line. 



We can seen in Figures[6]and[7]that these luminous objects are 
strongly optically thin, cased on their very extended [OIII] 
emission. Furthermore, they are not deeply embedded in their 
respective galaxies, implying that these massive regions pro- 
duce ionizing radiation that may escape into the IGM. 

To examine the LyC photon path lengths from these 
two, luminous objects, we show the azimuthally averaged 
[SII]/[OIII] ratio for these regions in Figure [19] centered on 
the main ionizing clusters R136a (top), and NGC 346 (bot- 
tom). Small, discrete Hn regions that are projected in the line 
of sight within these regions are excluded from the azimuthal 
averages in Figure [19] Figure 19 also shows the average ra- 
dial TV (HI). The profile of 30 Doradus is plotted to maximum 
radii where the gradient of both quantities is equal to zero, 
and marks the distance at which the ionizing radiation from 
these sources is no longer dominant. N66 is fainter, so it is 
less clear exactly where the influence of its ionizing source 
ends. Clearly, the extended [OIII] emission from the gas sur- 
rounding both objects requires a photoionizing source of high- 
energy photons from R136a and NGC 346, which dominate 
the ionization of the DIG out to at least 600 pc, whether or 
not this gas was ever associated with the Hll region, or is just 
part of the DIG. This is in agreement with the enhan ced Ha 
surface brightness of 30 Dor out to 850 pc noted by Kennicutt 
|etTp ( f!995ll 

Figure 1 19] shows that the peak 7V(HI) associated with op- 
tically thin objects can occur at radial distances that are well 
within the radial limits of the photoionized region. This sug- 
gests that the neutral and molecular ISM is highly inhomo- 
geneous and clumpy, with large holes or clear areas that al- 
low the escape of ionizing radiation. This situati on is similar 
to the ionization cone detected in NGC 5253 ( |Zastrow et al.| 
2011b). In particular, the radial bins used to produce Fig- 
ure 



19 mask important features in the [SII]/[OIII] and TV (HI) 
distributions around 30 Doradus. These include narrow, radial 
projections containing continuous regions of highly ionized 
gas extending 1 kpc in various directions from 30 Doradus. 
There is no evidence for additional ionizing sources that can 
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FIG. 19.— The large-scale radial profiles of [S II]/[0 III] and Af(HI), av- 
eraged in annuli centered on R136a in 30 Dor (top) and NGC 346 in N66 
(bottom). Nearby H II regions falling within the annuli were masked. 




FIG. 20.— The complex region east of R136a seen in [SII]/[OIII]. R136a 
is marked in the upper right corner of the image. Marked by arrows are 
ionized filaments which exhibit ionization stratification over nearly 500 pc in 
length. The orientation of the stratification is evidence of a centrally located 
illuminating source at a location consistent with 30 Doradus. 

explain the extended ionization, so we argue that the varia- 
tion in path length is due to variations in ISM density. East 
of the ionizing source, R136a, we see a complex of edge- 
on filam ents (Figure |20] l, associated with the giant Hi shell 
LMC 2 (Meaburn 198TJ). These filaments form a continuous 
arc over 500 pc in length, at a distance ranging from 0.6 and 
0.8 kpc from R136a, with strong [OIII] facing the ionizing 
cluster, and strong [SII] facing away from it, as shown by the 
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arrows in the Figure. This ionic stratification confirms that 
the ionizing photons striking these filaments or sheets origi- 
nate fro m R13 6a. Similar filaments are detected west of N66 
(Figure [I4(b)| ), opposite the bulk of the SMC. Unfortunately, 
our data do not extend far enough to look for filaments beyond 
DEM SI 67 in the direction away from the SMC. However, we 
see that both the location and luminosity of these giant Hll re- 
gions strongly influence likelihood of LyC radiation escaping 
from the host galaxies. 

5.3. Integrated Hll region escape fractions 

To understand the Lyman-continuum radiation transfer 
within galaxies, it is of central interest to evaluate the 
luminosity-weighted, mean LyC escape fraction (/ csc ) of all 
the nebulae within each galaxy. We first calculate the total 
Hll region "escape luminosity" L C sc in terms of individual, 
observed Hll region luminosities using 



Li x 



fesc,i 



(4) 



where i represents the i th object in the given galaxy. Note that 
L is the observed luminosity, as before, which is related to the 
total ionizing luminosity L tot by L = L tot (l - / csc ). We 
again adopt / osc = 0.6 for optically thin nebulae and 0.3 for 
blister regions. Optically thick nebulae contribute no escaping 
radiation, but add to the total observed Ha luminosity. The 
total escape luminosities for the individual object classes are 
listed in Table |4] The total L esc from all Hll regions in the 
galaxies are logL = 40.1 in the LMC, and logL = 39.3 in 
the SMC. 

Next, we calculate the luminosity-weighted Hll region es- 
cape fraction in each galaxy according to, 



Ej(-^csc,i + Li) 



(5) 



We find the lower limit on (/ esc ) in the LMC and SMC to be 
0.42—0.51 and 0.44—0.52, respectively. The lower value cor- 
responds a scenario where indeterminate, class objects are 
optically thick, while the upper limit assumes they are opti- 
cally thin. In the LMC these objects account for < 14% of the 
total Hll region luminosity. This is the same percent used in 
the SMC to estimate the contribution from uncatalogued class 
objects. We have not included the uncertainty due to pho- 
tometry, which is 20% for individual objects, and introduces 
an error of 22% to our / esc calculations. Therefore, our final 
lower limits on (/ esc ) in the LMC and SMC are 0.42±0.09 
and 0.44±0.09 respectively. 

Because we are using only two line ratios to constrain / esc , 
we again note that these estimates for (/ CS c) are lower limits. 
However, we can compare our results to the estimated (/, 

( [T995| > 



for the Magellanic Clouds by Kennicutt et al 
adopted the DIG luminosity to beT, 



who 

Fhey found (/ esc ) = 



0.35 and 0.41 in the LMC and SMC, respectively, which agree 
well with our estimates. Table |4] gives the total L, L csc , and 
(/osc) for the Hll region populations listed in column 1, with 
LMC and SMC values shown on the left and right side of the 
Table, respectively. 

The similarities in (/ esc ) between the two galaxies are 
not due to Hi distributions, which, as we saw above, differ 
strongly. Instead, they apparently result from the brightest 
optically thin nebulae. In the LMC, 30 Dor contributes nearly 
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FIG. 21. — The cumulative fractional L eBC 
LMC (solid line) and SMC (dashed line). 



as a function of log L for the 



60% of the total LMC escape luminosity. There is a simi- 
lar situation in the SMC, where N66, ionized by the cluster 
NGC 346, contributes an estimated 50% of the total escape 
luminosity in that galaxy. Looking at Figure [2T] the cumula- 
tive fractional L csc as a function of observed £~we find that in 
the SMC, only 30% of the escaping ionizing radiation comes 
from objects with log L < 38.0. In the LMC, the contribu- 
tion is near 10% for the same range of L. Thus the dominant 
contribution to the escape luminosity is from objects more lu- 
minous than log L > 38.0. Therefore, it is not surprising that 
the derived luminosity-weighted (/ csc ) is similar between the 
two galaxies, when both 1) the total escaping luminosity is 
dominated by the bright objects and 2) a single / osc is as- 
sumed to describe all optically thin nebulae. 

5.4. Ionizing the WIM 

Now, we confront an important question: Can ionizing ra- 
diation escaping from optically thin star-forming regions ex- 
plain luminosity of the WIM? Previous studies estimated that 
—40% of the WIM (or DIG) ionization is due to isolated field 
stars, and optically thin Hll regions powered by clusters con- 
tribute the remaining 60% (e.g . Oey et al. 2004; Hoopes & 
|Walterb os 2000; Oe y & Keniucutt|l9^7| [Miller &Cox | 1993 ). 
^From Table [3] we find that (/ eS c) and lv eS c from the Hll re- 
gions alone is enough to bala nce the observed DIG recombi- 
nation rate observed by |Kennicutt et al.] ( |1995| l. This is not at 
odds with the previous results when we consider that not all 
field stars are sitting naked in the DIG. Many are ionizing dis- 
crete nebulae, so that simply adding the ionizing luminosities 
of all field stars to L e sc will overestimate its value. 

We have a unique opportunity to examine this q uantitatively 
in the SMC: the RIOTS4 survey of [Oey & Lambl ( [2mT] l is the 
only complete survey to target field massive stars in an ex- 
ternal galaxy, and it in cludes 115 spectro scopically confirmed 
field O stars from the |Oey et aE] ( 2004j ) sample of field OB 
stars. Of these SMC field O stars, 60 show no associat ed neb- 
ular emission. Using Q(H°) from Marti ns et al.|(|20 05 ) to con- 
vert the stellar spectral types from Oey & Lamb (2011 ), the 
total ionizing flux from these is equivalent to 12% of the DIG 
ionization rate. There are an additional 27 stars whose loca- 
tion inside nebulae is ambiguous. If we assume their ionizing 
luminosity also streams into the DIG, field O stars produce 
a total ionization rate equivalent to 23% of the DIG. If we 
further assume no ionizing radiatio n escapes the galaxy, then 
the DIG emission measured by Ken nicutt et al.| ( |T995) > reflects 
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TABLE 4 

Global radiative transfer properties of nebular populations 







LMC 






SMC 






logL a 


log L csc b 


(/esc) 


logL a 


log Lesc 6 


(/esc) 


Opt Thick (class 1) 


39.4 




0.0 


38.9 




0.0 


Blister (class 2) 


39.5 


39.1 


0.3 


38.7 


38.4 


0.3 


Opt Thin (class 3) 


39.8 


40.0 


0.6 


39.1 


39.2 


0.6 


Classes 1 + 2 + 3 


40.2 


40.1 


0.42 


39.4 


39.3 


0.44 


Kennicuttetal.Hl995f c 


40.2 


40.0 


0.35 


39.5 


39.3 


0.41 


Note. — 



"Columns 2 and 5 give the sum of the observed L. 

and ( f ea c) are lower limits 
C L CSC from Kennicutt et al. (1995) corresponds to their measured DIG luminosity, Ldig- 



the combined ionizing radiation from field stars and from op- 
tically thin Hll regions, with 77-88% of the ionizing radiation 
originating from Hll regions. Using equation H] an SMC ag- 
gregate (/ csc ) - 0.35 - 0.38, instead of 0.44 (Table|4|, would 
result in Hll regions producing 77-88% of the DIGTuminos- 
ity in Table [4] which is within our / esc uncertainty caused by 
photometry. 

5.5. Galactic escape fractions from the Magellanic Clouds 

With ample evidence of the great distances ionizing ra- 
diation travels from massive star forming regions, we can 
make an initial quantitative estimate of f csc .ga\, the galactic 
escape fraction, by comparing the aggregate escape luminosi- 
ties from equation|4]to the DIG luminosity Ldig> where 



/esc, gal — (L eS c ~ ^DIg) / ' Lt 



(6) 



The quantities needed to calculate / CS c,gai are listed in Ta- 
ble^ where L to t is the sum of observed L and L csc , as before. 
We see that in the SMC, / C sc.gai= 0. However, as discussed 
above, this neglects the contribution fro m a kn own population 
of massive field stars. As calculated in {5.4 the ionizing ra- 
diation from truly isolated stars in the SMC is 12% - 23% of 
the DIG luminosity since about half of these field stars reside 
in Hll regions. In the SMC, this yields a lower limit to / eS c,gai 
of 4% - 7%. For the LMC, Table H shows that the ionizing 
luminosity escaping Hll regions is also about the same as the 
value needed to explain the LMC DIG, without accounting 
for an unknown population of field O-stars. Therefore, any 
attempts to improve constraints on the escape of ionizing ra- 
diation from the LMC will be limited until the population of 
field stars in the LMC is known. However, it is reasonable to 
assume that the field star ionizing luminosity relative to Hll 
region L tot is similar (Oey et al. 2004) in the LMC and SMC 
(0.05 - 0.11). From Tableland equation |4] we find a lower 
limit to /osc,gai in the LMC is 1 1-17%. 

It is important to bear in mind that our constraints on neb- 
ular (/csc) are lower limits, as stressed in fj2 The range in 
galactic escape fraction quoted above only reflect the uncer- 
tainties in the field star population. Thus it is quite possible 
that there is a significant / esc ,gai in one or both of the galax- 
ies, but the crude estimates in Table |4]preclude any conclusive 
results. Future work is needed to quantitatively improve these 
constraints. Further efforts may be directed at obtaining more 
definitive ionization-parameter mapping by adding imaging in 
more ions, or modeling diagnostic emission lines in filaments 
ionized by distant sources like those for 30 Doradus and N66, 
which can constrain the ionizing photon flux and SED of these 
dominant objects. 



6. CONCLUSIONS 

We have demonstrated the power of spatially resolved, 
ionization-parameter mapping to quantitatively probe the op- 
tical depth of Hll regions to the Lyman continuum. Our 
CLOUDY photoionization simulations show that spatially re- 
solved emission-line ratio mapping reveals the presence or 
absence of ionization stratification that diagnoses the optical 
depth of photoionized regions. Although there is a degener- 
acy between optically thin and weakly ionized regions when 
using only two radially varying ions, this is resolved with ob- 
servations of three sensitive ions. The technique also con- 
strains the optical depth in the line of sight. We show that 
ionization-parameter mapping in only [SII] and [OIII] is a 
powerful and productive technique when studying global neb- 
ular properties. It may be possible to develop similar methods 
using emission from PAHs, which are easily destroyed in ion- 
ized gas, and enhanced by non-ionizing UV light in ionization 
fronts. 

Our application of ionization-parameter mapping uses the 
[SII], [OIII], and Ha data of the LMC and SMC from the 
MCELS survey. First, we used [SII]/[OIII] ratio maps to 
define new boundaries for photoionized Hll regions. The 
[SII]/[OIII] maps reveal the nebular ionization structure, 
thereby allowing us to isolate the emission from individual 
photoionized Hll regions, even if they are overlapping and/or 
embedded in large complexes or bright DIG. We used these 
data, together with the Ha surface brightness, to define the 
boundaries of 401 Hll regions in the LMC and 214 in the 
SMC. The resulting Hll region luminosity functions a re con- 
sistent with tho se published for these same galaxies (Kenni- 
cutt et al.JT989 ), indicating that the simpler, Ha-only bound- 



ary criteria do result in statistical properties that are similar 
to those for objects defined by our more physically motivated 
criteria. 

Based on their observed ionization structures, the optical 
depths of the individual Hll regions were crudely divided into 
optically thin, thick, and blister classes. Based on our models, 
we assign / csc = 0.6 for the population of optically thin re- 
gions, 0.3 for blisters, and 0.0 for the optically thick objects. 
These categories agree reasonably well with more direct mea- 
surements of the optical depth for a sample of objects with 
known spectral classifications for the ionizing stars. 

These rough optical depth classes already yield fundamen- 
tal new insights into the quantitative radiation transfer of the 
nebular population and DIG ionization in these galaxies. We 
find that the frequency of optically thin nebulae is similar in 
both galaxies, with a value around 38%. The resulting lumi- 
nosity distributions reveal that the median luminosity of opti- 
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cally thin nebulae is significantly brighter than for those which 
are optically thick, by a factor of 2 - 5. More importantly, the 
frequency of optically thin nebulae increases with L, such that 
above log L — 37.0, Hll regions in both galaxies are domi- 
nated by optically thin objects. Due to their high luminosity 
and significant / csc , these objects also dominate the total ion- 
izing radiation leaking into the DIG. It will be important to 
determine whether all star forming galaxies show a threshold 
at a similar luminosity, for the dominance of optically thin 
objects. 

We also see a correlation in the frequency of optically thick 
regions and Hi column density, with the median A?" (HI) of 
optically thin nebulae 1.35 times lower than that of optically 
thick ones in both galaxies. The median iV(HI) of all objects 
measured in the LMC is 2.4 times lower than in the SMC, 
probably owing to projection effects. It is surprising that de- 
spite major differences in the character of the ambient neutral 
ISM outside of Hll regions, these quantitative properties of 
the LyC radiative transfer within the nebulae are remarkably 
similar between the two galaxies. This brings us to an im- 
portant conclusion: the large-scale fate of ionizing radiation 
emitted by O-stars in the LMC and SMC may be determined 
by the external, neutral Hi environment, which in the SMC 
appears more efficient at trapping radiation once it escapes 
optically thin Hll regions (e.g. the southwest region of the 
SMC). 

Optically thin nebulae are sufficiently luminous to main- 
tai n the ionization of the DIG in both galaxies, as measured 
by |Kennicutt et al"7| | |1995) . We also consider the global es- 
cape fraction of ionizing radiation from these galaxies into 
the IGM. We find evidence that luminous, optically thin Hll 
regions near the outer edges of both galaxies are likely to pro- 



duce ionizing radiation that escapes into the interstellar en- 
vironment. This is evidenced by the kpc-scale path lengths 
traveled by ionizing photons from these massive Hll regions, 
shown by the existence of extended [OIII] halos opening to- 
ward the IGM. 

We find the combined, luminosity-weighted, LyC escape 
fractions from all Hll regions to be at least 0.42 and 0.44 in 
the LMC and SMC, respectively. The corresponding escape 
luminosities are at least logL = 40.1 and 39.3 in the LMC 
and SMC, respectively. Considering the existence of field 
O stars with no nebulae, the implied total available LyC lu- 
minosity is greater than needed to explain the DIG emission 
in both galaxies. These are still crude estimates, but an ex- 
cess implies that a fraction of the ionizing radiation produced 
leaves the galaxy and enters the IGM. We currently estimate 
lower limits to the galactic escape fractions of / eS c,gai = 4 
- 7% in the SMC, and 11 - 17% in the LMC. These values 
are consistent with the 10% - 20% / esc ga i required for cos- 
mic reioni zation to be driven b y star forming galaxies at high 
redshift (Sokas ian et al.|[2003) >. Since our estimates for es- 
cape fractions are lower limits, these estimates for / CS c,gai are 
likely to increase when accounting for the decrease in optical 
depth due to absence of dust and metals at high redshift. 
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(a) Sphere 



(b) Truncated Sphere 



FIG. Al. — Schematic representation showing the conversion from a 1-D CLOUDY simulation into a 2-D SURFBRIGHT surface brightness model. Vertical 
lines represent lines of sight along the z-axis through the nebula at various projected x, y positions. The shell structure results from the 1-D CLOUDY calculation. 
Panel (a) shows spherically symmetric geometry, and panel (b) shows an object with truncated spherical geometry. 



APPENDIX 

A. SURFBRIGHT: MODELING SURFACE BRIGHTNESS USING CLOUDY 

The comparison of 1-D photoionization models to observations is most commonly done with spatially integrated emission-line 
fluxes. This approach is used because a direct comparison to the observed surface-brightness profile of a nebula involves the 
convolution of nebular geometry with a changing volume emissivity. While computing predicted surface brightnesses is more 
difficult, it does provide important, additional constraints on a model. 

We developed the Perl routine SURFBRIGHT, which calculates the projected, 2-D surface brightness of isotropically emitted 
emission lines in a nebula. This code uses the results of 1-D CLOUDY simulations and a user specified 3-D geometry. The code 
works in Cartesian coordinates relative to the nebula with z parallel to the line of sight from observer to object. This geometry is 
defined at each x, y coordinate (projected on the sky) by the minimum and maximum radial distance of the cloud along the line 
of sight z m i n (x, y), z max (x, y). A specified physical geometry allows for the prediction of absolute nebular surface brightness. 
With the object-observer distance and 2-D spatial resolution Ax and Ay, observations can be simulated for any arcsec, pc or cm 
pixel scale. Line strength is given in units of surface brightness, which is is independent of the distance between observer and 
object, for resolved nebulae. 



A schematic of a CLOUDY simulation is shown in Figure Al i, The uneven spacing of shells around the ionizing star reflects 



the individual zones calculated within a CLOUDY simulation, which are set by changes in the physical conditions of the gas as 
a function of depth. The CLOUDY simulation calculates the isotropic volume emissivity e of each emission line in each radial 
zone. At each x, y coordinate projected in the plane perpendicular to the line of sight z, SURFBRIGHT calculates the observed 
surface brightness in the i th emission line from all CLOUDY shells according to, 



Si = y^dlj(x,y) x ei(x,y, z)/4ir x 2.3504 x 10 li ergs~ 1 cm ^arcsec ' A , (Al) 



where dlj is the path length along the line of sight (z-axis) through shell j at the projected position x, y; and e; are the local 
volume emissivities taken from the 1-D CLOUDY simulation where the 1-D radius r in the model is equal to the magnitude of 
the radius of the geometrically defined cloud r(x, y, z). 

Our method of integrating the emission along the line of sight, from the far to near side of the Hll region, also allows us to 
include the effects of internal extinction, wh ich is important for n ebulae with a high observed column density, such as photodis- 
sociation regions and molecular clouds. (Pelleg rini et al.||2009) . Computationally, we first determine the line flux entering a 
given shell, which is added to the diffuse ilux in that shell. The sum is locally extinguished by the internal extinction in a shell 
calculated by CLOUDY scaled by dl/dr, where dr is the shell thickness. This determines the flux entering the next shell along a 
line of sight toward the observer. 

SurfB RIGHT currently includes generic geometrical configurations for planar slabs and si mple spheres. The orientation, 



length and inclination of the slab are free parameters. Whole and truncated spheres as in Figure Al i are also possible. Future 
support will include completely arbitrary geometric configurations. Currently the code uses only one CLOUDY model to deter- 
mine the emissivity as a function of r. Later we will also add the ability to first define a geometry with initial density parameters 
and calculate the needed CLOUDY simulations from the specified geometry when predicting observations. This will make it 
possible to accurately model the emission from complex, irregular nebulae with different ionization parameters. 

B. NEW LMC AND SMC Hll REGION CATALOGS 



Tables Bljan dpl 
as described in 93. 1 



present our new Hll region catalogs, with the nebular boundaries defined by ionization-parameter mapping 
Some objects are defined within the boundaries of larger, background objects, and their flux is not included 



22 



Pellegrini et al. 



vCHS-i ::oi ' '...".* "* '. J ' 








(a) MCELS-L001 


(b) MCELS-L002 
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(c) MCELS-L003 




(d) MCELS-L004 (e) MCELS-L005 

FIG. B 1 .— 5 LMC HII regions from the MCELS catalog in Ho(left) and [SII]/[OIII](right). 
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FIG. B2.— 5 SMC HII regions from the MCELS-S catalog in Ho and [SII]/[OIII]. 

in the luminosity for the larger objects. The Hll regions are classified, as described in fj4| into types 0-4, corresponding to (0) 
indeterminate, (1) optically thick, (2) blister, (3) optically thin, and (4) shocked. The object ID's are listed in columns 1 and 2, 
with our new designations in the former and identifications from existing catalogs in the latter. We designate new, independent 
substructures within a previously catalogued object by appending numbers, for example, DEM L173-1 and DEM L173-2. The 
object coordinates are listed in columns 3 and 4; optical depth classifications are given in column 5. Columns 6 and 7 respectively 
give the aver age TV ( HI) measured in the line of sight within the nebular aperture, and the Ha luminosity L. 
In Figures [Br] and [B2] we present represe ntat ive i mag es in Ha and [SII]/[OIII], of five objects in each galaxy. Each image is 



centered on the coordinates listed in Tables B 1 and B2 The images show the aperture used to measure the Ha flux, as well as 



a scale bar in both arcsec and pc. When shown with dashed lines, aperatures have been enlarged to reveal underlying structure. 
There are two labels in each image: our MCELS catalog ID in the upper left, and, centered above the object, an alternate catalog 
ID, unless none exists. The complete set of images can be found in the on-line edition of this article. 



TABLE Bl MCELS LMC HII Region Catalog 



Object ID 


Other ID° 


RA (J2000) 


Dec 


Type 6 


N(HI) 


L 






h:m:s 


d:m:s 




10 21 cm~ 2 


erg s — 1 


MCELS-L 1 




04:44:59.71 


-69:03:21.77 


2 


1.75 


35.12 


MCELS-L2 




04:45:04.78 


-69:04:24.94 





1.90 


35.27 


MCELS-L3 


DEM LI 


04:47:19.48 


-69:18:27.33 


2 


1.89 


36.41 


MCELS-L4 


DEML2 


04:48:53.70 


-69:09:37.95 


1 


3.24 


36.51 


MCELS-L5 


DEM L6-3 


04:49:06.81 


-69:20:25.54 


1 


2.71 


36.53 


MCELS-L6 


DEML3 


04:49:07.36 


-68:24:16.55 


1 


2.34 


36.55 
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Object ID 


Other ID a 


RA (J2000) 


Dec 


Type 6 


7V(HI) 
10 21 cm~ 2 


L 






h:m:s 


d:m:s 




ergs" 1 


MCELS-L7 


DEM L4-3 


04:49:11.35 


-69:16:07.76 





3.00 


36.35 


MCELS-L8 


DEM L4-9 


04:49:18.37 


-69:13:53.73 


1 


3.57 


35.91 


MCELS-L9 


DEM L4-10 


04:49:18.68 


-69:13:19.99 


1 


3.52 


35.70 


MCELS-L10 


DEM L5 


04:49:24.37 


-69:07:36.79 


3 


3.24 


35.90 


MCELS-L11 


DEM L4-5 


04:49:25.23 


-69:15:23.64 


1 


3.29 


35.85 


MCELS-L12 


DEM L4-2 


04:49:25.86 


-69:11:59.91 


3 


3.08 


37.08 


MCELS-L13 


DEM L4-4 


04:49:30.73 


-69:13:34.69 


3 


3.49 


36.66 


MCELS-L14 


DEM L4-8 


04:49:44.44 


-69:12:54.51 


1 


3.54 


36.02 


MCELS-L15 


DEM L6-2 


04:49:49.19 


-69:20:02.83 


3 


3.31 


37.46 


MCELS-L16 


DEM L4-1 


04:49:51.01 


-69:11:44.37 


3 


2.97 


37.36 


MCELS-L17 


DEM L4-7 


04:50:02.42 


-69:13:23.28 


1 


2.94 


35.80 


MCELS-L18 


DEM L4-6 


04:50:05.93 


-69:12:04.74 


1 


2.98 


35.81 


MCELS-L19 


DEM L7 


04:50:08.05 


-67:42:10.15 





1.35 


37.32 


MCELS-L20 


DEM L6-1 


04:50:37.80 


-69:25:28.01 


3 


2.75 


37.64 


MCELS-L21 




04:51:32.20 


-68:24:24.06 


3 


1.53 


35.84 


MCELS-L22 


DEM L8a 


04:51:44.20 


-66:55:13.76 


1 


3.16 


36.29 


MCELS-L23 


DEM L10a-2 


04:51:47.54 


-69:23:09.55 


1 


2.22 


37.16 


MCELS-L24 


DEM L10a-3 


04:51:49.01 


-69:24:25.29 


3 


2.00 


37.16 


MCELS-L25 


DEM L10a-1 


04:51:52.78 


-69:23:29.29 


1 


1.73 


36.71 


MCELS-L26 


DEM L17 


04:51:54.02 


-70:47:01.43 





1.45 


36.63 


MCELS-L27 


DEM L8b 


04:52:07.35 


-66:55:31.39 


3 


3.15 


37.41 


MCELS-L28 


DEM L8c 


04:52:11.71 


-66:54:28.81 


1 


3.87 


36.63 


MCELS-L29 


DEM L10b-1 


04:52:13.01 


-69:20:15.75 


1 


3.04 


37.69 


MCELS-L30 


BSDL139 


04:52:17.52 


-70:36:29.19 





1.51 


35.56 


MCELS-L31 


DEM L9 


04:52:19.37 


-68:24:39.22 





1.59 


36.30 


MCELS-L32 




04:52:23.32 


-66:55:15.98 


1 


3.02 


35.62 


MCELS-L33 


DEM L10b-2 


04:52:26.50 


-69:21:44.70 


1 


2.99 


36.99 


MCELS-L34 


DEM Lll 


04:52:34.39 


-67:17:22.56 


1 


1.62 


37.29 


MCELS-L35 




04:52:35.03 


-66:55:41.13 


1 


2.45 


35.82 


MCELS-L36 


DEM L15-1 


04:52:46.48 


-69:12:53.55 


1 


2.73 


37.12 


MCELS-L37 


DEM L14 


04:52:47.12 


-68:54:40.49 





1.90 


36.37 


MCELS-L38 


DEM L10b-3 


04:52:59.50 


-69:23:29.50 


3 


2.18 


37.20 


MCELS-L39 


DEM L13 


04:53:06.28 


-68:02:37.57 


2 


1.57 


37.60 


MCELS-L40 


DEM LI 5-2 


04:53:07.06 


-69:14:11.25 


2 


3.21 


36.64 


MCELS-L41 


DEM L12 


04:53:20.95 


-66:56:18.67 


4 


1.72 


37.16 


MCELS-L42 


DEM L21 


04:53:25.97 


-70:36:00.14 


2 


1.07 


36.85 


MCELS-L43 


DEM L20 


04:53:30.60 


-67:23:21.90 


1 


1.34 


36.23 


MCELS-L44 


DEM L18 


04:53:33.25 


-67:03:29.73 


2 


1.96 


36.26 


MCELS-L45 


DEM L19 


04:53:35.50 


-67:14:09.07 


3 


1.17 


36.79 


MCELS-L46 


DEM L16 


04:53:38.80 


-68:49:00.14 





1.28 


36.67 


MCELS-L47 


DEM L22-1 


04:53:57.51 


-69:10:27.73 


1 


2.80 


36.64 


MCELS-L48 


DEM L25 


04:53:58.91 


-70:00:52.58 


3 


0.63 


37.29 


MCELS-L49 


DEM L22-2 


04:54:03.31 


-69:12:08.42 


3 


2.56 


37.64 


MCELS-L50 


DEM L29a 


04:54:05.70 


-66:45:56.84 


1 


2.09 


35.34 


MCELS-L51 


DEM L27 


04:54:10.98 


-66:54:01.06 





1.51 


36.64 


MCELS-L52 


DEM L26 


04:54:13.39 


-68:21:52.48 


1 


1.76 


37.08 


MCELS-L53 


DEM L23 


04:54:24.41 


-69:29:42.54 





3.10 


35.87 


MCELS-L54 


DEM L22-3 


04:54:25.24 


-69:10:56.81 


1 


2.22 


36.87 


MCELS-L55 


DEM L22-4 


04:54:27.63 


-69:09:36.65 


1 


2.32 


37.19 


MCELS-L56 


DEM L29b 


04:54:27.71 


-66:44:34.83 


2 


1.49 


35.36 


MCELS-L57 


DEM L30 


04:55:02.96 


-67:15:52.65 





1.74 


36.44 


MCELS-L58 


DEM L31 


04:55:10.92 


-67:11:32.12 


3 


1.11 


37.77 


MCELS-L59 


DEM L22-5 


04:55:17.70 


-69:11:45.04 


2 


2.05 


37.26 


MCELS-L60 


DEM L24 


04:55:25.56 


-69:16:06.28 


1 


0.99 


36.06 


MCELS-L61 


DEM L32 


04:55:34.51 


-68:25:38.75 


1 


2.56 


36.58 


MCELS-L62 


DEM L33 


04:55:40.79 


-68:38:43.30 





1.70 


37.08 


MCELS-L63 


DEM L28+35 


04:55:58.37 


-65:57:49.86 


2 


1.78 


36.73 


MCELS-L64 


DEM L36 


04:56:33.54 


-69:29:03.62 


2 


1.07 


37.55 


MCELS-L65 


DEM L34 


04:56:34.25 


-66:26:51.77 


2 


2.99 


39.01 


MCELS-L66 


DEM L37 


04:56:58.42 


-69:12:45.30 


1 


1.91 


36.61 


MCELS-L67 


DEM L38 


04:57:05.75 


-68:44:57.93 


2 


1.87 


37.36 


MCELS-L68 


DEM L40 


04:57:32.69 


-67:39:09.73 


2 


1.64 


36.36 


MCELS-L69 




04:57:44.02 


-66:15:30.74 


1 


4.68 


36.11 


MCELS-L70 


DEM L41 


04:58:10.29 


-66:21:33.66 


1 


4.28 


37.47 


MCELS-L7 1 


DEM L39 


04:58:29.69 


-68:27:01.87 


2 


1.12 


38.12 


MCELS-L72 


DEM L42 


04:58:48.39 


-66:11:37.67 


1 


2.84 


37.38 


MCELS-L73 


N12A 


04:58:57.29 


-66:13:57.68 


1 


3.11 


35.98 


MCELS-L74 


DEM L43+48 


04:58:58.75 


-65:40:27.98 


1 


0.93 


38.25 
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MCELS-L76 


DEM L50 


04:59:45.54 


-70:09:44.61 


4 


1.28 


37.37 


MCELS-L77 


DEM L45 


04:59:57.20 


-67:56:47.82 


3 


0.98 


37.28 


MCELS-L78 


DEML51 


05:00:00.30 


-70:03:30.12 


1 


0.93 


36.05 


MCELS-L79 


DEM L46 


05:00:06.63 


-66:15:38.70 


1 


2.23 


36.91 


MCELS-L80 


DEM L47 


05:00:10.25 


-66:05:37.03 


1 


3.29 


36.60 


MCELS-L81 


DEM L49 


05:00:52.52 


-66:23:16.45 





2.15 


35.94 


MCELS-L82 


DEM L52 


05:01:48.04 


-68:12:41.43 





1.63 


36.00 
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Pellegrini et al. 



Object ID 


Other ID a 


RA (J2000) 


Dec 


Type 6 7V(HI) 


L 






h:m:s 


d:m:s 


10 21 cm- 


2 ergs- 1 



MCELS-L83 


DEM L55 


05:01:50.45 


-70:38:36.65 





0.62 


37.03 


MCELS-L84 


DEM L53 


05:01:52.47 


-70:04:47.90 





0.63 


36.27 


MCELS-L85 


DEM L54 


05:02:06.98 


-69:34:01.86 





0.72 


35.53 


MCELS-L86 


BSDL453 


05:02:09.15 


-66:40:17.62 


3 


1.29 


36.30 


MCELS-L87 


DEM L60 


05:02:12.71 


-69:03:37.57 





2.54 


36.46 


MCELS-L88 


DEM L57 


05:02:48.61 


-67:00:00.80 





1.82 


36.56 


MCELS-L89 


DEM L61 


05:03:13.21 


-65:57:24.11 





2.38 


36.88 


MCELS-L90 


DEM L58 


05:03:15.57 


-68:27:07.27 





1.37 


36.20 


MCELS-L9 1 


DEM L56 


05:03:22.82 


-66:42:02.25 





1.34 


36.42 


MCELS-L92 


DEM L59 


05:04:20.09 


-67:18:34.97 


2 


2.27 


37.45 


MCELS-L93 


DEM L63 


05:04:23.53 


-70:44:06.97 


2 


1.37 


37.18 


MCELS-L94 


DEM L62 


05:04:25.18 


-69:03:32.56 





1.86 


37.23 


MCELS-L95 


DEM L64a 


05:04:31.36 


-70:54:06.37 


1 


1.78 


36.22 


MCELS-L96 


DEM L64b 


05:04:38.87 


-70:54:43.46 


1 


2.03 


36.75 


MCELS-L97 


DEM L68-2 


05:04:39.31 


-70:10:31.78 


1 


1.34 


35.93 


MCELS-L98 


DEM L68-1 


05:04:47.86 


-70:05:38.53 


1 


2.16 


35.25 


MCELS-L99 


DEM L65 


05:04:48.83 


-67:33:18.31 


2 


1.94 


36.84 


MCELS-L100 


DEM L67 


05:04:55.11 


-70:07:40.58 


1 


1.91 


36.38 


MCELS-L101 


DEM L66 


05:05:00.18 


-68:03:41.41 


3 


1.58 


37.56 


MCELS-L102 


DEM L68 


05:05:06.74 


-70:06:24.01 


3 


1.29 


37.51 


MCELS-L103 


DEM L70 


05:05:16.65 


-68:05:40.62 


3 


1.56 


36.94 


MCELS-L104 


DEM L69 


05:05:16.94 


-66:55:15.29 


1 


2.01 


36.68 


MCELS-L105 


DEM L71 


05:05:41.01 


-67:52:49.18 





1.63 


35.58 


MCELS-L106 


DEM L72 


05:06:04.97 


-65:41:28.83 


3 


1.55 


36.46 


MCELS-L107 


DEM L73 


05:06:12.12 


-68:07:28.47 


1 


2.33 


37.48 


MCELS-L108 


DEM L76 


05:06:45.25 


-68:26:34.36 


3 


1.52 


37.51 


MCELS-L109 


DEM L74 


05:06:46.31 


-68:09:53.62 


1 


2.77 


36.69 


MCELS-L110 


DEM L75 


05:06:47.45 


-70:44:44.35 





0.93 


37.09 


MCELS-L111 


DEM L77 


05:06:50.06 


-66:54:55.70 





1.24 


36.65 


MCELS-L1 12 


DEM L78 


05:06:59.92 


-67:56:46.36 





1.17 


35.28 


MCELS-L113 


DEM L80 


05:07:19.07 


-70:27:02.39 





0.93 


37.42 


MCELS-L1 14 


DEM L79 


05:07:21.47 


-68:32:05.10 


1 


2.12 


36.76 


MCELS-L1 15 


DEML81 


05:07:37.53 


-71:10:31.96 





0.91 


36.10 


MCELS-L116 


DEM L83 


05:07:39.28 


-71:01:30.45 





0.94 


35.76 


MCELS-L1 17 


DEM L84 


05:08:42.56 


-68:45:51.94 


4 


1.83 


37.86 


MCELS-L118 


DEM L85 


05:09:24.03 


-68:45:44.00 


1 


3.14 


36.76 


MCELS-L119 


DEM L86 


05:09:34.25 


-68:53:45.05 


3 


2.55 


38.13 


MCELS-L120 


DEML91 


05:09:38.13 


-71:26:21.73 





1.05 


36.29 


MCELS-L121 


DEM L89 


05:09:39.49 


-67:55:14.32 


3 


1.86 


37.45 


MCELS-L122 


DEM L88 


05:09:53.01 


-68:29:11.15 


3 


2.37 


37.10 


MCELS-L123 


DEM L90 


05:10:23.01 


-67:09:27.18 





2.06 


36.32 


MCELS-L124 


DEM L92 


05:10:30.27 


-69:25:56.41 





1.38 


36.56 


MCELS-L125 


DEM L93 


05:10:43.48 


-67:04:50.36 


1 


2.03 


36.05 


MCELS-L126 


DEM L95 


05:10:54.26 


-69:03:08.93 





2.33 


35.57 


MCELS-L127 


DEM L94 


05:10:59.38 


-67:07:34.23 


1 


1.66 


36.18 


MCELS-L128 


DEM L96 


05:11:23.63 


-69:03:53.95 


3 


2.71 


35.76 


MCELS-L129 


DEM L97 


05:12:07.70 


-67:06:54.13 





2.88 


36.96 


MCELS-L130 


DEML101-1 


05:12:08.22 


-70:28:42.91 


1 


2.50 


35.70 


MCELS-L131 


DEM LI 00-1 


05:12:15.00 


-70:28:04.74 


1 


2.03 


35.91 


MCELS-L132 


DEM LI 00-2 


05:12:21.94 


-70:27:33.34 


1 


1.87 


35.33 


MCELS-L133 


DEM L98 


05:12:24.50 


-67:15:40.16 





2.41 


36.37 


MCELS-L134 


DEML101-2 


05:12:28.37 


-70:24:52.27 


1 


2.61 


36.52 


MCELS-L135 


DEML101-3 


05:12:30.18 


-70:24:21.63 


3 


2.22 


34.99 


MCELS-L136 


DEML101-3 


05:12:30.40 


-70:25:21.72 


1 


2.17 


35.14 


MCELS-L137 


DEM LI 02 


05:12:44.18 


-70:22:02.13 


1 


2.22 


36.14 


MCELS-L138 


DEM L99 


05:12:48.73 


-67:02:18.21 


1 


2.31 


36.29 


MCELS-L139 


DEM LI 03 


05:13:07.13 


-69:01:56.31 





2.27 


36.64 


MCELS-L140 


DEM LI 04-1 


05:13:10.43 


-69:22:34.73 





2.81 


37.26 


MCELS-L141 


N30D 


05:13:16.28 


-67:28:24.37 


1 


2.94 


36.17 


MCELS-L142 


DEM LI 11 


05:13:18.71 


-71:22:05.07 





1.25 


35.98 


MCELS-L143 


DEM LI 04-2 


05:13:19.00 


-69:21:25.64 


1 


2.76 


37.45 


MCELS-L144 


DEM L104-3 


05:13:21.43 


-69:22:37.56 


1 


2.60 


36.68 


MCELS-L145 


DEM LI 09 


05:13:25.39 


-69:10:55.22 





2.15 


36.29 


MCELS-L146 


DEM LI 08 


05:13:34.91 


-69:17:05.90 


2 


2.48 


37.76 


MCELS-L147 


DEM LI 04-4 


05:13:40.52 


-69:22:30.42 


2 


1.60 


37.19 


MCELS-L148 


DEM LI 05 


05:13:43.42 


-67:22:42.83 


2 


1.66 


37.53 


MCELS-L149 


DEM L104-5 


05:13:48.50 


-69:23:14.82 


1 


1.77 


36.81 


MCELS-L150 


DEM LI 06 


05:13:53.15 


-67:27:05.10 


2 


2.93 


37.56 


MCELS-L151 


DEM LI 10 


05:14:01.76 


-69:31:54.85 


2 


1.30 


37.37 


MCELS-L152 


DEML107+115 


05:14:05.97 


-67:09:01.65 


3 


1.75 


37.52 


MCELS-L153 


DEM LI 14 


05:14:08.16 


-70:07:42.59 





1.68 


35.54 


MCELS-L154 


DEM LI 12 


05:14:34.40 


-67:34:02.61 





2.52 


36.78 


MCELS-L155 


DEM LI 19 


05:14:53.11 


-71:37:09.36 


3 


1.21 


36.83 


MCELS-L156 


DEM LI 13 


05:14:53.78 


-69:25:58.19 





1.60 


37.44 


MCELS-L157 


DEM LI 16 


05:15:07.17 


-66:28:06.01 


1 


1.07 


36.29 


MCELS-L158 


DEM LI 20 


05:15:20.45 


-69:43:29.81 





1.36 


36.04 
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Optical Depth of LMC and SMC Hll regions 



Object ID 


Other ID a 


RA (J2000) 


Dec 


Type 6 7V(HI) 

10 21 cm' 2 


L 






h:m:s 


d:m:s 


ergs- 1 



MCELS-L159 


DEM LI 17 


05:15:34.09 


-67:20:34.67 


3 


1.77 


35.73 


MCELS-L160 


DEM LI 18 


05:15:45.68 


-66:42:48.98 





1.36 


36.17 


MCELS-L161 


DEM LI 24 


05:16:53.15 


-69:53:01.24 





2.02 


36.21 


MCELS-L162 


DEM L121 


05:16:53.38 


-67:19:51.03 


1 


2.20 


36.90 


MCELS-L163 




05:16:53.56 


-66:00:23.33 


3 


1.07 


35.84 


MCELS-L164 


DEM LI 22 


05:17:06.17 


-68:52:35.45 





3.39 


35.05 


MCELS-L165 


DEML131 


05:17:39.05 


-71:15:31.94 


2 


1.72 


37.35 


MCELS-L166 


DEM LI 30 


05:17:44.51 


-69:24:00.25 





2.34 


36.96 


MCELS-L167 


DEM LI 28 


05:17:45.97 


-68:47:03.99 


1 


3.54 


36.13 


MCELS-L168 


DEM LI 29 


05:17:48.00 


-67:54:05.00 


1 


1.83 


36.19 


MCELS-L169 


DEM LI 27 


05:17:48.97 


-67:20:58.24 


2 


1.28 


37.01 


MCELS-L170 


DEML125 


05:17:51.00 


-66:01:16.99 


1 


1.45 


37.11 


MCELS-L171 


DEML123+132 


05:17:59.69 


-69:11:00.83 


2 


2.23 


38.54 


MCELS-L172 


DEM L126 


05:18:16.65 


-65:57:40.89 





1.67 


36.49 


MCELS-L173 


DEM LI 34-3 


05:18:27.37 


-69:39:54.84 


1 


2.81 


36.85 


MCELS-L174 




05:18:40.58 


-67:05:21.22 


3 


1.29 


36.32 


MCELS-L175 


DEM LI 34-4 


05:18:43.69 


-69:39:15.27 


1 


2.14 


36.83 


MCELS-L176 


DEM L134-1+133 


05:19:16.37 


-69:38:42.71 


3 


1.47 


38.09 


MCELS-L177 


DEM LI 34-2 


05:19:35.78 


-69:38:46.80 


3 


2.25 


36.32 


MCELS-L178 


DEML135 


05:19:48.28 


-65:53:53.17 





0.91 


37.38 


MCELS-L179 


DEM LI 39 


05:20:19.42 


-66:28:54.36 





1.40 


35.37 


MCELS-L 1 80 


DEM L136 


05:20:22.13 


-66:53:41.66 


3 


1.61 


36.89 


MCELS-L181 


DEM L141 


05:20:30.65 


-68:01:02.02 


1 


3.59 


36.14 


MCELS-L 182 


DEML138 


05:20:34.01 


-66:46:37.94 


1 


2.02 


37.03 


MCELS-L 183 




05:20:40.33 


-66:48:46.44 





2.40 


35.10 


MCELS-L 184 


DEM LI 37 


05:20:48.69 


-65:27:24.64 


2 


0.77 


37.64 


MCELS-L 185 


DEM LI 46 


05:20:54.45 


-71:43:17.48 





1.99 


35.66 


MCELS-L 186 




05:21:04.86 


-71:41:42.66 





1.95 


35.02 


MCELS-L 187 




05:21:17.44 


-66:47:13.89 





2.31 


35.37 


MCELS-L 188 


DEM LI 45 


05:21:19.32 


-69:40:50.04 


1 


2.42 


36.71 


MCELS-L 189 


DEM LI 47 


05:21:26.28 


-69:56:50.29 





1.81 


35.91 


MCELS-L 190 


DEM LI 43 


05:21:26.92 


-68:52:04.13 





1.87 


36.86 


MCELS-L191 


DEM LI 44 


05:21:31.10 


-68:10:47.80 


2 


3.94 


35.94 


MCELS-L 192 


DEM LI 49 


05:21:34.56 


-69:40:26.84 


1 


3.01 


37.15 


MCELS-L193 


DEM LI 50 


05:21:36.62 


-67:46:33.56 


1 


2.90 


36.24 


MCELS-L 194 


DEM LI 40 


05:21:37.13 


-67:54:49.07 


1 


3.06 


37.46 


MCELS-L 195 


DEM LI 48 


05:21:37.25 


-69:59:37.00 





2.10 


36.40 


MCELS-L 196 


DEM L151a 


05:21:46.79 


-67:53:41.51 





4.44 


36.80 


MCELS-L 197 


DEML153 


05:21:49.74 


-69:41:08.86 


1 


3.15 


35.85 


MCELS-L 198 


DEML151 


05:21:49.87 


-67:51:45.99 





3.01 


37.39 


MCELS-L 199 


DEM LI 42 


05:21:53.90 


-65:43:49.45 





0.97 


37.18 


MCELS-L200 


DEM LI 54 


05:22:00.94 


-65:58:22.24 


2 


0.92 


37.57 


MCELS-L201 


DEML152 


05:22:06.86 


-67:56:46.11 


3 


3.97 


38.19 


MCELS-L202 


DEM LI 64 


05:22:13.13 


-71:26:09.80 


2 


1.25 


37.59 


MCELS-L203 


DEML157 


05:22:16.28 


-68:38:58.35 


1 


1.68 


36.61 


MCELS-L204 


DEML158-1 


05:22:19.41 


-68:04:25.93 


1 


4.89 


36.64 


MCELS-L205 


DEML155 


05:22:25.48 


-65:44:46.15 





1.24 


37.32 


MCELS-L206 


DEML156 


05:22:26.92 


-67:53:41.49 


1 


4.23 


37.39 


MCELS-L207 


DEM LI 65 


05:22:27.83 


-71:35:50.94 


1 


1.88 


37.57 


MCELS-L208 


DEM L158-2 


05:22:29.89 


-68:04:52.47 


1 


4.45 


35.93 


MCELS-L209 


DEM LI 63 


05:22:32.27 


-70:08:45.06 


2 


1.10 


36.50 


MCELS-L210 


DEML159 


05:22:36.18 


-68:08:32.19 


1 


4.68 


36.56 


MCELS-L211 




05:22:36.96 


-66:38:52.02 


3 


2.70 


35.46 


MCELS-L212 


DEM LI 60 


05:22:45.24 


-68:04:00.00 


1 


4.51 


37.89 


MCELS-L213 


DEM L161 


05:22:47.99 


-66:41:05.67 


1 


3.15 


36.38 


MCELS-L214 


DEM LI 68 


05:22:52.70 


-69:50:57.96 





2.20 


36.40 


MCELS-L215 


DEM L155a 


05:22:53.60 


-65:43:02.54 


1 


1.54 


36.88 


MCELS-L216 


DEM LI 66a 


05:23:06.02 


-68:00:16.50 


1 


3.74 


36.28 


MCELS-L217 


DEM LI 62 


05:23:06.78 


-66:22:32.41 


1 


1.97 


36.52 


MCELS-L218 


DEM LI 66b 


05:23:12.51 


-68:00:18.30 


1 


4.23 


36.55 


MCELS-L219 


DEM LI 67 


05:23:16.46 


-67:56:14.25 


1 


3.53 


36.65 


MCELS-L220 


DEM LI 70 


05:23:27.36 


-68:12:24.56 





2.55 


36.10 


MCELS-L221 


DEML171 


05:23:33.51 


-69:38:51.00 





2.04 


36.60 


MCELS-L222 


DEM LI 69 


05:23:39.51 


-68:00:42.93 


1 


3.51 


36.26 


MCELS-L223 


DEML172 


05:23:40.55 


-69:37:00.93 


2 


1.00 


36.91 


MCELS-L224 


DEM L173-3 


05:23:50.82 


-69:41:25.84 


1 


2.66 


36.26 


MCELS-L225 


DEM L176a 


05:24:03.03 


-68:56:20.67 





2.47 


35.34 


MCELS-L226 


DEM L173-2 


05:24:04.09 


-69:40:17.65 


1 


3.19 


36.08 


MCELS-L227 


DEML173-1 


05:24:06.97 


-69:38:43.07 


1 


2.18 


36.05 


MCELS-L228 


DEM LI 76b 


05:24:09.45 


-68:55:52.81 





2.46 


35.24 


MCELS-L229 


DEM L174-1 


05:24:12.29 


-68:30:08.91 


1 


2.76 


36.31 


MCELS-L230 


N132B 


05:24:17.53 


-69:38:55.93 


1 


2.09 


35.95 


MCELS-L231 


DEM L174 


05:24:22.66 


-68:31:33.90 


3 


2.21 


37.56 


MCELS-L232 


DEM LI 75 


05:24:24.12 


-66:14:29.44 


2 


2.69 


37.30 


MCELS-L233 


DEM LI 94 


05:24:28.19 


-71:38:35.64 





2.16 


36.00 


MCELS-L234 


DEM LI 78 


05:24:34.19 


-69:27:09.09 





1.15 


36.92 



Continued on the Next Page. 



Pellegrini et al. 



Object ID 


Other ID a 


RA (J2000) 


Dec 


Type 6 


7V(HI) 


L 






h:m:s 


d:m:s 




10 21 cm~ 2 


ergs" 1 


MCELS-L235 


DEM LI 77 


05:24:36.89 


-69:06:54.62 





1.76 


38.32 


MCELS-L236 


DEM LI 82+ 184 


05:24:38.46 


-66:57:13.08 





1.51 


37.43 


MCELS-L237 


DEM LI 79 


05:24:39.24 


-68:28:47.11 


1 


3.24 


36.26 


MCELS-L238 


DEM LI 80 


05:24:58.24 


-68:28:41.12 


1 


3.01 


37.23 


MCELS-L239 


DEM L175a 


05:24:58.52 


-66:26:03.38 


3 


3.83 


37.17 


MCELS-L240 


DEM LI 86 


05:25:02.36 


-69:38:33.97 


3 


2.03 


36.26 


MCELS-L241 


DEM LI 88 


05:25:06.10 


-71:27:48.70 


2 


1.58 


35.98 


MCELS-L242 


DEM L181 


05:25:21.70 


-66:02:45.50 


2 


2.56 


37.17 


MCELS-L243 


DEM LI 87 


05:25:25.37 


-69:26:09.88 





1.00 


36.91 


MCELS-L244 


DEM LI 83 


05:25:27.36 


-66:21:52.11 


1 


3.98 


36.07 


MCELS-L245 


DEM LI 85 


05:25:54.46 


-65:55:53.12 





2.34 


35.94 


MCELS-L246 


DEML191 


05:26:01.28 


-66:04:57.00 


4 


3.91 


37.19 


MCELS-L247 


DEM LI 89-1 


05:26:04.12 


-66:15:46.76 





4.41 


37.67 


MCELS-L248 


DEM LI 93 


05:26:09.99 


-67:10:37.36 


3 


1.43 


37.31 


MCELS-L249 


DEM LI 95 


05:26:12.71 


-66:21:46.89 





1.75 


37.48 


MCELS-L250 


DEM LI 92+201 


05:26:13.11 


-67:29:56.09 


2 


1.90 


38.52 


MCELS-L251 


DEM L196-2 


05:26:13.87 


-67:37:12.77 


1 


2.27 


36.38 


MCELS-L252 


DEM L196-1 


05:26:20.68 


-67:37:54.64 


1 


1.86 


37.60 


MCELS-L253 


DEM LI 89-2 


05:26:23.23 


-66:14:30.93 


2 


4.40 


36.28 


MCELS-L254 


DEM LI 97 


05:26:28.59 


-69:18:57.52 


2 


0.78 


37.38 


MCELS-L255 


DEM LI 96-3 


05:26:28.61 


-67:42:00.51 


2 


2.07 


35.98 


MCELS-L256 


DEM LI 98 


05:26:32.21 


-69:02:03.52 





1.20 


37.77 


MCELS-L257 


DEM LI 96-4 


05:26:37.87 


-67:43:27.72 


1 


2.58 


36.00 


MCELS-L258 


DEM LI 99 


05:26:42.48 


-68:49:34.13 


3 


1.18 


38.36 


MCELS-L259 


DEM L202 


05:27:10.25 


-71:32:06.20 


3 


1.99 


37.57 


MCELS-L260 


DEM L208 


05:27:17.60 


-70:34:46.24 


3 


1.01 


37.73 


MCELS-L261 


DEM L206 


05:27:26.75 


-71:23:27.64 


1 


3.09 


36.01 


MCELS-L262 




05:27:31.28 


-67:27:31.34 





2.18 


37.51 


MCELS-L263 


DEM L203 


05:27:31.36 


-68:26:59.64 





1.68 


38.38 


MCELS-L264 


DEM L207 


05:27:41.55 


-71:24:46.37 


1 


2.47 


36.26 


MCELS-L265 


DEM L204 


05:27:54.24 


-65:50:09.56 


4 


0.65 


36.49 


MCELS-L266 


DEM L209 


05:28:02.22 


-69:21:36.01 





0.87 


37.63 


MCELS-L267 


DEM L205 


05:28:06.19 


-67:26:49.96 


1 


2.56 


37.59 


MCELS-L268 


BSDL1844 


05:28:14.61 


-67:23:57.34 


1 


2.50 


36.67 


MCELS-L269 


DEM L210 


05:28:19.24 


-69:01:20.89 





1.52 


37.96 


MCELS-L270 


DEML213 


05:28:43.08 


-70:20:20.34 





1.44 


36.44 


MCELS-L271 


DEML211 


05:28:54.27 


-67:43:23.67 





1.58 


36.57 


MCELS-L272 


DEML214 


05:29:17.38 


-66:57:20.69 





0.69 


36.95 


MCELS-L273 


DEM L215 


05:29:33.41 


-69:48:48.12 





1.23 


37.26 


MCELS-L274 




05:29:52.22 


-71:04:32.83 


1 


2.17 


36.56 


MCELS-L275 


DEM L2 16(2 15 in Finder) 


05:30:09.44 


-69:45:08.71 





0.91 


36.18 


MCELS-L276 


DEM L218 (216 Figll) 


05:30:33.91 


-70:07:59.41 





1.41 


37.02 


MCELS-L277 


DEM L221 


05:30:33.98 


-71:01:21.22 


1 


2.02 


38.43 


MCELS-L278 


N206B 


05:30:51.19 


-71:08:01.48 


1 


3.48 


36.83 


MCELS-L279 


DEM L222a 


05:30:58.08 


-67:20:28.18 





1.77 


35.56 


MCELS-L280 


DEM L224 


05:31:02.98 


-69:19:18.87 





0.93 


38.37 


MCELS-L281 


DEM L222b 


05:31:11.57 


-67:22:46.68 





1.47 


35.91 


MCELS-L282 


DEM L223 


05:31:17.69 


-67:26:54.31 





1.08 


36.59 


MCELS-L283 


DEM L225 


05:31:49.24 


-67:21:34.55 





1.43 


35.47 


MCELS-L284 


DEM L226 


05:32:01.73 


-68:40:24.21 


1 


2.43 


37.21 


MCELS-L285 


DEM L228a 


05:32:05.42 


-66:24:45.52 


1 


1.84 


36.91 


MCELS-L286 


BSDL2224 


05:32:10.56 


-68:39:04.37 


1 


3.63 


35.68 


MCELS-L287 


DEM L227 


05:32:10.87 


-68:28:22.50 


3 


3.77 


38.07 


MCELS-L288 


DEM L228b 


05:32:13.63 


-66:23:26.13 


1 


1.42 


36.89 


MCELS-L289 


DEM L2 19+229 


05:32:19.57 


-67:40:57.44 


4 


2.04 


38.29 


MCELS-L290 


BSDL2247 


05:32:30.65 


-68:40:12.79 


1 


3.26 


36.15 


MCELS-L291 


DEM L228 


05:32:32.91 


-66:24:20.24 


2 


0.87 


37.98 


MCELS-L292 


N148a 


05:32:44.00 


-68:24:27.53 


1 


0.00 


33.31 


MCELS-L293 


DEM L230 


05:32:53.53 


-67:49:08.83 





1.27 


35.59 


MCELS-L294 


DEM L232 


05:33:03.93 


-68:56:15.26 





2.05 


38.37 


MCELS-L295 


DEM L231 


05:33:10.61 


-67:42:45.46 


1 


2.74 


37.24 


MCELS-L296 


DEM L234 


05:33:40.00 


-67:31:02.56 





1.93 


38.01 


MCELS-L297 


DEM L233 


05:33:43.95 


-68:46:00.59 


1 


2.68 


36.56 


MCELS-L298 


DEM L238 


05:34:17.67 


-70:33:35.14 


4 


1.29 


36.02 


MCELS-L299 


DEM L236 


05:34:25.94 


-67:05:45.69 





0.76 


36.17 


MCELS-L300 


DEM L235 


05:34:31.13 


-66:07:45.96 


1 


1.19 


37.24 


MCELS-L301 


DEM L258 


05:34:37.45 


-68:12:37.33 





3.22 


37.04 


MCELS-L302 


DEM L239 


05:34:40.00 


-66:14:19.20 


2 


0.82 


37.47 


ML-iiLo-LjUj 




Uj.J4.4U.jy 


^?-?7.no no 

-oj.j /.uy.yo 


z 




in no 
3 / .UU 


MCELS-L304 


DEM L242 


05:34:50.97 


-69:31:22.97 


1 


2.70 


36.64 


MCELS-L305 


DEM L240 


05:34:53.06 


-67:21:23.80 


3 


0.81 


36.61 


MCELS-L306 


DEM L246 


05:35:04.79 


-69:43:25.48 


2 


2.58 


38.51 


MCELS-L307 


DEM L241 


05:35:15.55 


-67:34:04.12 


3 


2.28 


38.37 


MCELS-L308 


DEM L245 


05:35:22.45 


-67:42:08.21 





1.96 


37.13 


MCELS-L309 


DEM L244 


05:35:28.24 


-66:38:43.13 





0.52 


37.42 


MCELS-L310 


DEM L243 


05:35:33.58 


-66:02:25.94 


1 


1.56 


37.66 


Continued on the Next Page. . . 



Optical Depth of LMC and SMC Hll regions 



Object ID 


Other ID a 


RA (J2000) 


Dec 


Type 6 7V(HI) 

10 21 cm~ 2 


L 






h:m:s 


d:m:s 


ergs" 1 



MCELS-L311 


N59C 


05:35:39.08 


-67:37:07.03 


1 


3.11 


36.83 


MCELS-L312 


DEM L249 


05:36:08.30 


-70:38:56.31 





2.66 


35.99 


MCELS-L313 


DEM L248 


05:36:09.78 


-69:31:53.93 





3.27 


37.91 


MCELS-L314 


DEM L247 


05:36:27.97 


-66:02:12.46 





1.37 


36.29 


MCELS-L315 


DEM L259 


05:36:30.75 


-69:49:05.73 


1 


3.75 


36.72 


MCELS-L316 


DEM L250 


05:36:39.75 


-67:26:50.51 


1 


2.37 


37.22 


MCELS-L317 


DEML251 


05:36:40.23 


-66:26:31.23 





2.15 


36.86 


MCELS-L318 


DEM L252 


05:37:02.71 


-66:21:18.29 


1 


2.08 


37.62 


MCELS-L319 


DEM L255 


05:37:03.00 


-66:39:46.28 


1 


1.14 


37.62 


MCELS-L320 


DEM L260 


05:37:16.66 


-69:46:00.04 


1 


5.09 


36.24 


MCELS-L321 


DEM L253 


05:37:17.99 


-66:17:58.25 


1 


2.45 


37.10 


MCELS-L322 


DEM L256 


05:37:28.89 


-66:27:51.06 





2.34 


36.20 


MCELS-L323 


DEM L261 


05:37:43.01 


-69:22:02.62 





3.10 


38.24 


MCELS-L324 


DEM L262 


05:37:50.65 


-69:39:19.82 





4.32 


37.65 


MCELS-L325 


DEM L254 


05:38:12.46 


-66:18:16.33 


1 


1.52 


36.98 


MCELS-L326 


DEM L265 


05:38:18.59 


-70:41:15.23 


3 


2.82 


37.37 


MCELS-L327 


DEM L264 


05:38:21.62 


-66:35:24.71 





1.28 


36.43 


MCELS-L328 


DEM L263 


05:38:36.01 


-69:05:10.80 


3 


4.24 


39.66 


MCELS-L329 


DEM L266 


05:38:48.19 


-70:04:28.06 





5.47 


35.43 


MCELS-L330 


DEM L269-3 


05:38:57.58 


-69:29:55.48 





4.73 


38.27 


MCELS-L331 


DEM L267 


05:39:14.14 


-70:12:38.80 


1 


5.51 


36.43 


MCELS-L332 


N158D 


05:39:16.40 


-69:33:16.72 


1 


4.88 


36.70 


MCELS-L333 


DEM L269-1 


05:39:33.12 


-69:25:24.81 


2 


3.46 


38.15 


MCELS-L334 




05:39:34.31 


-69:39:23.08 


1 


5.37 


37.53 


MCELS-L335 


DEM L269-2 


05:39:37.42 


-69:28:07.18 


1 


4.65 


36.89 


MCELS-L336 


DEM L284 


05:39:46.13 


-69:38:49.01 


1 


4.96 


38.56 


MCELS-L337 




05:39:46.13 


-69:38:49.01 


1 


4.29 


37.82 


MCELS-L338 


DEM L270 


05:39:48.03 


-66:08:52.19 


2 


1.23 


36.97 


MCELS-L339 


DEM L274-3 


05:39:51.14 


-71:09:21.74 


1 


5.05 


35.59 


MCELS-L340 


DEM L274-2 


05:39:53.79 


-71:09:42.85 


1 


5.15 


36.24 


MCELS-L341 


DEM L274-1 


05:39:58.03 


-71:10:16.21 


1 


5.20 


36.30 


MCELS-L342 


DEM L272 


05:40:03.40 


-69:49:14.35 


1 


6.54 


36.02 


MCELS-L343 


DEML271 


05:40:06.81 


-69:45:28.34 


3 


6.33 


38.27 


MCELS-L344 


DEM L276 


05:40:09.51 


-71:11:05.44 


3 


5.06 


36.77 


MCELS-L345 


DEM L278 


05:40:10.11 


-71:12:26.07 


1 


5.46 


36.02 


MCELS-L346 


DEM L275 


05:40:12.28 


-69:55:00.90 


1 


5.59 


36.19 


MCELS-L347 


DEM L273 


05:40:13.53 


-68:59:26.26 


1 


4.99 


36.62 


MCELS-L348 


DEM L277 


05:40:22.89 


-69:53:15.66 


1 


5.76 


35.82 


MCELS-L349 




05:40:23.41 


-69:40:16.72 





4.64 


37.16 


MCELS-L350 


DEM L279 


05:40:26.94 


-69:50:23.95 





8.43 


36.02 


MCELS-L351 


DEML281 


05:40:42.05 


-70:02:31.46 


1 


4.74 


36.99 


MCELS-L352 




05:40:43.56 


-69:47:18.69 


3 


7.14 


36.12 


MCELS-L353 




05:40:48.29 


-69:49:33.33 


3 


7.29 


36.04 


MCELS-L354 


DEM L280 


05:40:48.49 


-70:10:06.31 


1 


5.33 


36.06 


MCELS-L355 


DEM L283 


05:40:50.83 


-69:46:07.70 


1 


6.01 


35.85 


MCELS-L356 


DEM L287 


05:40:53.45 


-71:12:05.45 


3 


5.34 


36.21 


MCELS-L357 


DEM L290 


05:40:57.30 


-70:54:40.87 


1 


4.39 


35.79 


MCELS-L358 


DEM L282 


05:41:03.00 


-69:55:24.31 





4.35 


36.91 


MCELS-L359 


DEM L288 


05:41:07.08 


-71:13:42.95 





4.90 


35.79 


MCELS-L360 


DEM L291 


05:41:12.13 


-70:29:45.45 





4.71 


35.80 


MCELS-L361 


DEM L289 


05:41:16.69 


-71:15:05.57 


1 


4.40 


35.86 


MCELS-L362 


DEM L292 


05:41:25.70 


-71:17:00.08 


1 


4.08 


35.70 


MCELS-L363 


DEM L285 


05:41:28.35 


-69:46:36.24 





4.47 


37.05 


MCELS-L364 


DEM L295 


05:41:34.52 


-70:01:19.19 





4.16 


36.35 


MCELS-L365 


DEM L294 


05:41:35.10 


-70:35:13.46 


3 


5.14 


36.64 


MCELS-L366 


DEM L286 


05:41:35.76 


-66:59:15.86 





0.81 


36.26 


MCELS-L367 


DEM L293 


05:41:38.08 


-71:19:49.01 


1 


4.13 


37.78 


MCELS-L368 


DEM L297 


05:42:10.04 


-68:58:16.65 





5.58 


36.57 


MCELS-L369 


DEM L298 


05:42:17.18 


-69:05:44.53 


1 


5.00 


37.70 


MCELS-L370 


DEM L296 


05:42:25.86 


-66:39:49.95 





0.89 


36.55 


MCELS-L371 


DEM L299 


05:42:55.34 


-68:56:53.17 


4 


5.10 


37.30 


MCELS-L372 


DEM L300 


05:43:04.62 


-69:45:57.35 


1 


5.35 


37.48 


MCELS-L373 


DEM L301 


05:43:17.47 


-67:50:48.26 


3 


1.77 


37.84 


MCELS-L374 


DEM L304 


05:43:46.66 


-67:27:12.21 


1 


2.73 


36.35 


MCELS-L375 


DEM L306 


05:44:22.21 


-67:27:34.70 





1.22 


37.71 


MCELS-L376 


N73 


05:44:22.21 


-67:27:34.70 





2.48 


35.83 


MCELS-L377 


DEM L307 


05:44:24.24 


-69:22:43.41 


1 


4.80 


36.78 


MCELS-L378 


DEML310 


05:44:55.50 


-69:27:44.48 





4.49 


38.53 


MCELS-L379 


DEML309-1 


05:45:08.92 


-67:08:53.16 


1 


1.20 


37.57 


MCELS-L380 


DEM L3 1 1 


05:45:22.23 


-69:46:20.92 


1 


4.01 


37.04 


MCELS-L381 


DEM L308 


05:45:24.97 


-67:17:43.62 





1.20 


37.79 


MCELS-L382 


DEM L309-2 


05:45:43.02 


-67:09:48.64 


1 


1.67 


36.50 


MCELS-L383 


DEML312 


05:46:05.75 


-69:33:28.05 





5.34 


36.84 


MCELS-L384 


DEML313 


05:46:27.25 


-69:35:21.64 


1 


5.39 


35.86 


MCELS-L385 


DEML314 


05:46:33.87 


-69:34:21.85 


1 


5.27 


36.28 


MCELS-L386 


DEML315 


05:46:38.80 


-67:10:38.82 


2 


0.86 


37.40 
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Pellegrini et al. 



Object ID 


Other ID a 


RA (J2000) 


Dec 


Type b 


7V(HI) 


L 






h:m:s 


d:m:s 




10 21 cm -2 


erg s 


A/Tr'FI T 187 


npA/r 1117 


0S-A7-01 OR 


70-oq-oi 8A 


n 
u 


1 QQ 
J.yy 


ia sa 

jO.jD 


1V1 LELj J o o 




0S-A7-0A 97 


AQ-A9-19 80 


a 


f\ 9 A 
O.Z'-t 


1A ss 


MrFI ^ T 18Q 


DPM I "3 1 8 


0S-A7-SA AA. 


AQ-S9- 1 HQ 

-oy. jz. lu.uy 


1 
1 


1 78 
J. / o 


IS 44. 


AACTU <i T 1Q0 
1V1 LELj -.L J y\J 


nFA/T I 190 


os-ar-oi 8A 


AQ-S1-S 1 1Q 


1 
1 


1 AQ 


1A 19 
jO. jZ 


mpci c t ani 




OS-A.8-09 Ql 


AQ-S1-09 A9 


1 
1 


1 7A 


IS Al 
J J.OJ 


lurPI S T 1Q9 

1V1 C L iJ - J y Z 


DPM I 19 1 


0S-4R- 1 1 19 

WJ .4o . 1 1 .jZ 


AQ-S9-AA AO 


J 


1 81 


IS IS 


AACTll <i T 1Q1 
1V1 LELj -.L J y J 


nFA/T I 199 


OS -AS- 1 S 07 

UJ.'+O. 1 J.U / 


70-09-09 Q7 

- /u.uz.uz.y / 


1 
1 


A 1Q 
iy 


1A 78 




HPA/I I 194 
UC1V1 LOZ*t 


os-as-aa 

UJ.'4-o.'4- i t.OU 


AQ-SO-17 07 
-Oy. JU. J 1 .y 1 


1 
1 


9 Ql 
z.y 1 


IS Q l 

JJ.7 1 


MCELS-L395 


DEM L325 


05:48:58.02 


-69:59:42.99 


1 


3.72 


36.59 


MCELS-L396 


DEM L323+326 


05:49:23.98 


-70:06:20.17 


2 


3.03 


38.17 


MCELS-L397 


DEM L327 


05:49:27.34 


-69:19:34.15 





2.84 


36.84 


MCELS-L398 


DEM L328 


05:51:29.27 


-68:13:15.29 





1.88 


37.60 


MCELS-L399 


DEM L329 


05:51:41.94 


-69:55:49.08 





1.43 


35.40 


MCELS-L400 


N75A 


05:55:42.17 


-68:09:46.94 


1 


2.08 


35.76 


MCELS-L401 




05:55:54.45 


-68:13:53.91 


2 


1.47 


37.43 



"Identifiers in column 2 are from |Davies "eTaTHT976) (DEM), |Bica et al.|fl999) (BSDL), or |Henize|{T956) (N). 

^Optical depth classifications in column 5 are: (0) indeterminate, (1) optically thick, (2) blister, (3) optically thin, and (4) shocked nebulae. 
c Local Ha backgrounds could not be unambiguously determined for L measurements of these objects due to a high DIG luminosity, even though structure is 
seen in [SII]/[OIII]. Therefore the background was set to the surface brightness of the outermost area of the LMC observed by the MCELS survey, as discussed 
in the text. 



Optical Depth of LMC and SMC Hll regions 



TABLE B2 MCELS SMC HII Region Catalog 



(Jbject ID 


Other ID 


KA (J2000) 


Dec 


r— 

Type 


_7- 

A' (HI) 


— 

L(Hct) 






h:m:s 


d:m:s 




10 cm z 


erg s 


MCFI S-S1 


DFM S1 

JL/i__lVJ_ __> 1 


00-31 -41 Ofi 

uu. J x .t I .uu 


-73-47-18 69 

/ J.T / .JO.U^z 


I 


2.39 


36.31 


MCFI S-S2 


DFM S2 

L/i__lVJ_ __>__. 


00-36-59 04 

uu . ju. J .ut 


-72-59-41 53 

/ __..J^7.Tl .JJ 


2 


2.67 


36.67 


MCELS-S3 




00:39:59.55 


-73:33:30.31 


3 


2.88 


35.88 


MCFI S-S4 


DFM S5 

JL/i__lV± OJ 


00-41 -02 56 

uu .T x . u__. . JU 


-73-36-20 1 6 

/ J.JU.Z-U. 1U 


1 


3.88 


36.21 


MCFI S-S5 




00-41 -39 6 

UV/.T 1 . J7.U 


-73-24-26 18 

/J . Z.T . __U . 1 o 


3 


4.94 


34.77 


MCFI S-S6 

. V 1 V _____> '.HI 




00:42:10.16 


-73-14-52 26 

/ J. 1 I . _J — . —U 


1 


5.78 


36.34 


MCFI S-S7 


DFM S6 

1 .7 1 . > V 1 __> U 


00-42- 1 5 49 

UU.TZ.. 1 J.17 


-72-59-37 56 

/ Z '7. J / . JU 


1 


5.36 


35.85 


MCFI S-S8 

1 V X V__. iJ kj o 


DFM S7 

L/1__1V1 __> / 


00-42-27 33 


-73-43-55 36 

/ J.TJ.JJ.JU 


2 


3.12 


35.96 


MCFI S-S9 

_.VX\_^1__-X_.k_> O _/ 




00-42-55 25 

UW.T__,.JJ . _ _l 


-74-28-51 55 

/ r . __ O . _J 1 .JJ 


3 


1.94 


36.11 


MCFI S-S10 




00-43-06 71 

UU.T J . W. / 1 


-73-20-30 35 

/J .Z.U.J'.;. JJ 


1 


6.83 


35.80 


MCFI S-S1 1 


DFM S8 


00-43-08 


-72-35-53 66 

/ Z.JJ .J J .uu 




1.87 


34.54 


MCFI S-S12 




00-43- 18 68 


-73-13-52 54 

/ J. 1J.JZ.J1 


1 


6.49 


34.58 


MCELS-S13 




00:43:34.91 


-73-1 S-44 58 

/ J - X J . TT . J o 


1 


7.63 


34.68 


MCFI S-S14 


DFM S9 


00-43-35 76 

UW.TJ. J J. / VJ 


-73-02-27 75 

/ J _ U __..__. / . / J 


I 


5.36 


36.34 


MCFI S-S1 5 




00-43-44 93 

."j . t i . 7J 


-73-08-52 52 

/ J.UO.J__..J__. 


I 


6.30 


36.71 


MCELS-S16 




00-43-47 31 

VlVt .1 —> .1 I .J± 


-73-15-55 19 

/ J - XJ.JJ. 1^/ 


1 


8.12 


34.30 


MCFI S-S17 


DFM sm 

i_yi__iv± __► x u 


00-43-50 78 


-73-28-29 27 

/ J . __. O . __ 1/ . __ / 


2 


6.12 


36.96 


MCFI S-S1 8 

1VH_.1_j1_.iJ >J 1 O 




00-44-54 2 


-72-55-59 57 

/ Z > J .J 7. J / 


3 


4.13 


35.07 


MCFI S-S 1 9 


N10 


00:44:54.42 


-73-10-23 89 

/ J - ivy.__.j.o^/ 


3 


8.44 


36.14 


MCFI S-S20 


DFM S I 5+1 8 

i_-*l__lvl __► X JT X O 


00-45-20 59 

VJW.T^ J .-.If. J? 


-73-03-39 39 

/j . u j. j y ..jy 


3 


8.61 


37.44 


MCFI S-S2I 


DFM S 1 2 


00-45-21 04 


-73-59-13 4 

1 J.Jy.lJ .T 


3 


2.89 


36.30 


MCFI S-S22 

. VI V 1 ___.).} __ _ 


N13B 


00-45-21 38 

V/VJ.T^J ._. 1 .JO 


-73-22-27 5 


1 


8.82 


36.71 


MCFI S-S23 

_.VX\_^1__-X_.k_> kJ__.J 


N13 


00:45:24.44 


-73-23-05 56 

/ J • __. J . VX J . JU 


1 


8.43 


36.66 


MCFI S-S24 


DFM S I 4+ 19 

i_yi__iv± k_> x i i x 7 


00-45-25 89 


-73-15-12 29 

/ J.1J.1Z.Z7 


1 


9.54 


37.11 


MCFI S-S25 


DFM S 1 7 

i_yi__iv± __» x / 


00-45-32 31 

*JW.^J.J__.J ± 


-73-12-29 89 


1 


9.16 


36.48 


MCELS-S26 


DEM S20 


00:46:09.56 


-73-05-59 47 

/ J.V7J.J.y.T / 


2 


10.01 


37.16 


MCFI S-S27 


N15 


00-46- 1 1 04 


-73-25-37 07 

/ J___.J.J / .U / 


1 


7.43 


35.68 


MCFI S-S28 

_.VXV_^1__-X_.k_> o __.o 


NGC 21 


00-46- 19 81 


-73:23:32.9 


2 


8.35 


36.59 


MCELS-S29 


DEM S29 


00:46:24.28 


-73:26:21.9 


1 


7.80 


37.61 


MCELS-S30 


DEM S22 


00:46:24.84 


-73:12:27.63 


1 


8.78 


36.55 


MCFI S-S3I 


DFM S23 

i_yl__lvl __►__, J 


00-46-31 53 

*JU.^\J'.J 1 .JJ 


-73-06-16 48 


] 


10.86 


37.41 


MCFI S-S32 




00-46-38 48 


-72-54-39 88 

/ Z..JT.J 7.00 


3 


6.61 


34.90 


MCFI S-S33 

1VX\_. J-jJ-JLJ kJ JJ 


DEM S24 


00-46-40 99 


-73-21 -36 61 

/ J___.±.JU.U± 


1 


9.64 


36.61 


MCFI S-S34 


DFM S25 

i_-*l__lvl _3 Z. J 


00-46-42 99 


-73-31 -47 77 

1 J . J 1 . i 1 . 1 1 


1 


6.45 


37.14 


MCFI S-S35 




00-47-00 86 


-73-18 04 12 

f Jilu< UT . 1 Z. 


1 


10.17 


36.77 


MCFI S-S36 

- V 1 V 1 _ _ _ k J » J - ' V 1 




00-47-07 48 

yjyt .t^ / .vj/ . i o 


-73:14:11.46 


1 


9.46 


36.24 


MCFI S-S37 

1V1V_,I_/__i_) iJ J / 


DFM S31 


00-47-29 07 


-73-05-08 14 

/ J . U J . U O . 1 i 


1 


13.93 


36.82 


MCFI S-S38 


DFM S3n 

i_yl__lvl OJU 


00-47-30 32 

yjyj I . jv^. j_- 


-73-22-17 26 

/ J * Z.Z * X / . Z.U 


2 


8.91 


36.67 


MCFI S-S39 


DFM S32 


00-47-43 89 


-73-08-22 08 

/ J.VJO. __.__.. uo 


2 


1 1.73 


37.74 


MCELS-S40 


DEM S35 


00:47:46.41 


-73:17:30.87 


2 


10.47 


36.26 


MCFI S-S41 


DFM S34 


00-47-53 71 

V./W.T' / .J J. / ± 


-73-17-35 64 

/J-X / .JJ.UT 




10.00 


34.90 


MCFI S-S42 

. Vlv _____) -Ji__ 


DFM S36 


00-47-57 44 

V/V7.T^ / .J / .It 


-73-17-38 04 

/J.X / .JO .UT 


I 


9.97 


36.49 


MCELS-S43 


DEM S33 


00:48:03.27 


-73:35:11.86 


3 


4.95 


36.15 


MCFI S-S44 

.Vlv l____) .Ji r 


DFM S37 


00-48-03 91 

V7V7.T^O.V/J.^/ L 


-73-16-22 84 

/ J_ Iv.ZZ.Ot 


1 


9.99 


37.34 


MCFI S-S45 


DFM S38 

1_/1__1V1 k) jo 


00-4809 1 3 

yjyj .t^o . y/y . i j 


-73-14-09 48 

/ J. XT.V7.7.TO 


1 


10.74 


36.80 


MCELS-S46 




00-48- 1 5 77 

V/W.^O. ± J. / / 


-73:11:16.7 


1 


10.62 


35.57 


MCFI S-S47 


DFM S39 


00-48- 1 8 08 


-73-10- 1 8 59 

1 J.1U.1U.J7 


1 


10.98 


35.80 


MCFI S-S48 


DFM S42 

i_-*l__lVl __FT__. 


00-4818 88 


-73-19-42 55 

/ Jil 7.1Z.JJ 


1 


10.03 


36.85 


MCFI S-S49 


DFM S41 


00-48-21 63 


-73-32-52 29 

/ J.JZ.JZ.Z7 


3 


4.94 


36.69 


MCFI S-S 50 

iv±\_^j_ji__kj kj ju 


N27 


00:48:24 


-73-05-49 63 

/ j.uj.tv.uj 


1 


13.28 


36.42 


MCFI S-S5I 

_.VXV_^1__-X_.k_> O J X 


DFM S43 

i_-*l__lVl k_>Tj 


00-48-26 68 


-73-1 5- 16 09 

/ J. XJ. 1U.U7 


3 


9.79 


37.12 


MCFI S-S52 

1 V X V__. X_/X_ k) J Jk. 




00-48-28 3 

vyv/.T^o . __.o . j 


-72-1 5-58 1 8 

/ Z. 1 J.JO, xo 


3 


2.87 


36.73 


MCELS-S53 




00:48:32.64 


-72:52:57.92 


1 


9.57 


35.79 


MCFI S-S54 

lVlV_^J_jl__k_>™ kj JT 


DFM S51 


00-48-56 28 

uu.to.ju.__.o 


-73-03-55 09 

/ J.UJ. J J.U7 


2 


10.80 


37.52 


MCFI S-S55 

lVlV_^__jl__k_>™kJ J J 




00-48-56 6 

UU .TO . J u . u 


-73:11:40.24 


1 


10.64 


35.60 


MCELS-S56 


DEM S45 


00:49:01.82 


-73:08:24.13 


1 


12.06 


37.43 


MCELS-S57 


DEM S44 


00:49:12.03 


-73:28:18.81 


3 


6.72 


37.27 


MCFI S-S58 


DFM S47 


00-49- 14 61 

yjyj .T..7 . x i . u x 


-72-52-44 96 

/ Z.JZ. t 1 . 7 u 


1 


9.83 


36.90 


MCFI S-S59 


DFM S46e 


00-49-29 35 


-72:47:44.25 


1 


7.02 


36.45 


MCFI S-S60 

-Vlv _____> l) uu 


DEM S49 


00-49 36 45 

VJV7 .T.y . J U .T J 


-73-1 5-42 73 

/ J.1J.TZ. / J 


3 


8.16 


36.78 


MCFI S-S6I 




00-49-37 26 

UU.t:/. J / . _—U 


-73-25-29 72 

/ J.Z — l,_.7i / Z. 




7.21 


35.48 


MCFI S-S62 


N32 


00-49-39 38 

V7VJ.T7. J 7 .JO 


-72-48-47 47 

/ Z..TO.T / . i / 




8.57 


36.26 


MCFI S-S63 

-Vlv _____> JUJ 


DFM S50 


00-49-45 04 

VJV7 .T.y .T J . 


-73-10-30 89 

/ j. i vy . J w . o .7 


1 


9.64 


35.82 


MCFI S-S64 


DFM S47-1 

X_h/X__>1VX k_>T I I 


00-49-47 01 


-72-56-33 6 

/ Z.JU.JJ.u 


3 


10.64 


36.81 


MCELS-S65 




00:49:52.31 


-73:24:10.59 


1 


7.66 


36.08 


MCELS-S66 




00:49:52.68 


-73:25:38.95 


1 


7.70 


36.52 


MCELS-S67 


DEM S46+55 


00:49:57.24 


-72:44:56.91 


2 


4.94 


37.95 


MCELS-S68 


DEM S57 


00:50:00.64 


-72:32:43.39 


2 


4.20 


36.44 


MCELS-S69 


DEM S56 


00:50:25.69 


-72:35:36.05 


2 


3.86 


37.22 


MCELS-S70 




00:50:30.17 


-73:31:35.55 


3 


6.74 


36.58 


MCELS-S71 


DEM S54 


00:50:33.85 


-72:53:26.04 


1 


10.47 


37.85 


MCELS-S72 


DEM S52 


00:50:34.6 


-73:20:11.25 


1 


8.04 


36.49 


MCELS-S73 


DEM S53 


00:50:48.75 


-73:24:22.31 


1 


7.21 


35.76 


MCELS-S74 


N41 


00:51:01.66 


-72:52:52.46 


1 


9.91 


36.24 


Continued on the Next Page. . . 
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Object ID 


Other ID a 


RA (J2000) 


Dec 


Type 6 


Af(HI) 


L(Ha) 






h:m:s 


d:m:s 






ergs" 1 


MCELS-S75 




00:51:06.31 


-73:31:35.57 


1 


6.88 


35.04 


MCELS-S76 




00:51:14.14 


-73:31:35.97 


1 


6.91 


34.92 


MCELS-S77 


DEM S59 


00:51:19.13 


-73:30:15.17 


1 


6.72 


36.54 


MCELS-S78 


DEM S63 


00:51:34.74 


-72:41:21.88 


1 


5.39 


37.14 


MCELS-S79 




00:51:40.63 


-73:31:50.82 


1 


7.56 


34.62 


MCELS-S80 


DEM S62 


00:51:47.79 


-72:50:46.86 




9.59 


36.16 


MCELS-S81 


DEM S65 


00:51:58.26 


-72:16:30.62 


1 


5.18 


36.70 


MCELS-S82 


DEM S60 


00:52:01.65 


-73:13:18.95 




8.81 


36.64 


MCELS-S83 




00:52:04.85 


-72:44:57.81 




6.73 


37.07 


MCELS-S84 


DEM S63 


00:52:05.56 


-72:39:35.94 


1 


7.02 


36.69 


MCELS-S85 


DEM S67 


00:52:15.11 


-71:50:18.01 




1.51 


36.56 


MCELS-S86 


DEM S71 


00:52:18.21 


-73:27:06.57 


1 


8.17 


35.93 


MCELS-S87 


DEM S66 


00:52:25.42 


-72:08:59.18 


1 


2.83 


37.51 


MCELS-S88 


DEM S72 


00:52:37.19 


-73:26:11.11 




8.22 


36.21 


MCELS-S89 




00:52:39.49 


-72:55:29.96 


3 


7.05 


35.17 


MCELS-S90 


DEM S69 


00:53:01.5 


-72:53:42.46 


3 


6.32 


36.63 


MCELS-S91 


DEM S74 


00:53:23.64 


-73:12:07.57 


2 


9.13 


36.96 


MCELS-S92 




00:53:25.53 


-72:28:30.4 


3 


4.80 


35.36 


MCELS-S93 


N52-2 


00:53:40.64 


-72:39:37.59 


1 


7.52 


35.82 


MCELS-S94 


N52-1 


00:53:43.06 


-72:39:20.91 


1 


7.48 


35.83 


MCELS-S95 


DEM S76 


00:54:01.46 


-72:22:23.27 


2 


3.54 


36.60 


MCELS-S96 


DEM S78 


00:54:11.18 


-73:17:17.42 


1 


8.35 


36.19 


MCELS-S97 




00:54:15.65 


-73:32:16.91 


3 


5.56 


35.49 


MCELS-S98 


DEM S80 


00:54:22.97 


-72:42:49.02 


3 


7.11 


37.79 


MCELS-S99 


DEM S79 


00:54:29.15 


-71:57:57.73 


1 


1.86 


36.03 


MCELS-S100 




00:54:56.91 


-73:19:14.26 


3 


5.58 


35.05 


MCELS-S101 




00:55:02.43 


-72:55:59.24 


3 


6.38 


35.95 


MCELS-S102 




00:55:14.71 


-72:26:32.68 


2 


5.59 


35.66 


MCELS-S103 




00:55:34.38 


-72:29:12.19 


2 


5.30 


35.38 


MCELS-S104 


DEM S83NE 


00:55:34.39 


-72:17:12.14 


1 


5.63 


35.94 


MCELS-S105 


DEM S84-1 


00:55:44.14 


-72:16:02.02 


1 


5.72 


35.88 


MCELS-S106 




00:55:48.91 


-72:38:14.17 


1 


7.61 


35.39 


MCELS-S107 


DEM S81 


00:55:57.38 


-73:23:16.6 


2 


3.88 


36.86 


MCELS-S108 


DEM S84-2 


00:56:02.19 


-72:15:43.54 


1 


6.43 


35.66 


MCELS-S109 




00:56:03.53 


-72:27:11.41 


2 


5.63 


36.12 


MCELS-S110 


DEM S85 


00:56:16.35 


-72:17:25.12 


1 


6.59 


36.57 


MCELS-S111 


DEM S88 


00:56:18.55 


-72:47:24.49 


1 


8.53 


36.13 


MCELS-S112 


DEM S90 


00:56:46.91 


-72:03:21.81 


2 


3.24 


36.70 


MCELS-S113 


DEM S89 


00:56:48.11 


-72:47:46.96 


1 


9.22 


35.47 


MCELS-S114 




00:57:02.52 


-72:21:50.87 


1 


7.23 


35.80 


MCELS-S115 


DEM S91 


00:57:10.34 


-73:34:17.33 


2 


3.06 


36.19 


MCELS-S116 


■ ■ ■ 159 


00:57:18.3 


-71:54:38.54 


2 


3.29 


35.32 


MCELS-S117 




00:57:38.4 


-72:24:40.33 


1 


8.05 


35.42 


MCELS-S118 


DEM S93 


00:57:56.71 


-72:39:20.64 


1 


7.86 


36.48 


MCELS-S119 


DEM S94 


00:58:16.58 


-72:38:53.47 


1 


7.76 


36.57 


MCELS-S120 


SNR B0056-72.5 C 


00:58:17.01 


-72:17:52.65 


4 


5.67 


36.46 


MCELS-S121 


DEM S95 


00:58:20.07 


-72:40:09.75 


2 


7.51 


36.69 


MCELS-S122 


DEM S96 


00:58:28.05 


-71:44:39.84 


2 


3.19 


36.11 


MCELS-S123 


DEM S97 


00:58:30.59 


-71:31:07.05 


2 


1.84 


36.66 


MCELS-S124 


DEM S98 


00:58:36.63 


-72:14:08.1 


1 


6.80 


36.38 


MCELS-S125 


DEM S99 


00:58:57.33 


-72:14:36.03 


1 


5.86 


36.18 


MCELS-S126 




00:59:05.94 


-71:45:18.56 


1 


3.66 


34.51 


MCELS-S127 


DEM SI 00 


00:59:14.98 


-72:24:15.09 


1 


7.44 


36.18 


MCELS-S128 


DEM SI 02 


00:59:18.75 


-72:17:31.29 


1 


4.69 


36.92 


MCELS-S129 


DEM SI 05 


00:59:42.11 


-71:43:43.27 


1 


3.86 


36.44 


MCELS-S130 


N66.NGC346 


00:59:42.58 


-72:12:05.08 




3.91 


38.82 


MCELS-S131 


DEM SI 07 


01:00:15.24 


-71:48:25.27 


1 


4.47 


36.28 


MCELS-S132 


DEM SI 09 


01:00:58.56 


-71:35:27.31 


1 


4.23 


36.11 


MCELS-S133 


DEM S108 


01:01:17.67 


-71:30:59.48 




3.32 


37.29 


MCELS-S134 


DEM SI 13 


01:01:30.27 


-71:47:45.25 




5.01 


35.65 


MCELS-S135 


DEM SI 12 


01:01:30.73 


-71:51:07.81 


1 


4.26 


36.47 


MCELS-S136 


DEM Sill 


01:01:43.19 


-71:56:16.37 


1 


4.53 


36.43 


MCELS-S137 




01:01:53.64 


-72:06:09.74 


1 


4.38 


36.67 


MCELS-S138 




f\ 1 A1 r f\ or 

01:01:59.85 


-71:54:54.31 


1 


5.42 


35.63 


ll/nrji p 0110 


UhM o 1 1 5 


01:02:16.5/ 


-71:51:25.29 




5.06 


36.23 


MLbLo-0140 


DjtJVl olio 


01 .Oz.zo.ul 


-1 1.5o.jJ.d4 


J 


5.63 


35.42 


MV_.iii-.o-o 141 


i ~\ i : \ i Clio 
DiiJVl olio 


oi.oz.4i.oy 


- fz.JAAU.yj 


J 


J. 23 


Q/r -7/1 

36. /4 


MLbLo-0142 


T~\T7T\ J C1 1 "71- 1 

UhM oil /b-1 


01:02:43.45 


-71:53:34.15 


! 


5.70 


35.57 




DFM S 1 1 7 


01 -02-47 82 


-71 S 21 

/ l.- 1 -' .IO._l 




5.72 


36.41 


MCELS-S144 


DEM SI 19+120 


01:03:01.24 


-72:05:40.88 




6.24 


36.50 


MCELS-S145 


DEM S121 


01:03:03.09 


-71:53:29.98 




5.55 


36.30 


MCELS-S146 


SNRB0101-72.6 d 


01:03:17.4 


-72:09:43.17 




5.75 


35.30 


MCELS-S147 


DEM SI 23 


01:03:25.01 


-72:03:44.83 




6.04 


37.90 


MCELS-S148 


N76A 


01:03:48.56 


-72:03:56.12 




5.99 


36.19 


MCELS-S149 


DEM SI 22 


01:03:58.67 


-72:40:53.09 




5.17 


35.86 


MCELS-S150 


DEM SI 24 


01:04:08.35 


-72:02:07.4 




5.63 


36.52 


Continued on the Next Page. . . 



Optical Depth of LMC and SMC Hll regions 



Object ID 


Other ID a 


RA (J2000) 


Dec 


Type 6 


7V(HI) 


L(Hq) 






h:m:s 


d:m:s 




10 21 cm~ 2 


erg s 


A/TPFT S Q 1 S 1 


HFA/[ S 1 9S 


ni .fiA- 1 A 08 


79-91-SQ 00 
- / Z.ZJ. J7.77 


1 
1 


A 7A 
4. / O 


1A 71 
J4. / J 


IVl^-EEo-kj) 1 Ji 




(11 -0A-99 1 
Ul .UH.ZZ.Ul 


71 -SA-AS SS 
- / 1 .JO.HJ.JJ 


j 


S 7A 
J. /4 


IS 78 
JJ. / 


aapft s s i si 

-V] ^ III jO-.I 1 Jj 


W78 
l\ 1 


Ul .Uj.Uj. 1*4- 


71 -SQ-91 OA 

- / 1 .J7.Z1 .7t 


1 
1 


A S9 
O. JZ 


1A IS 
JO. J J 


MPFT S S 1 SA 
IvlL^EEo-k} 1 J4 


"M78 A 
1> / ort 


01 -0S-0A ^8 
Ul .UJ.U'f.Jo 


71 -S8-S7 OA 
- / 1 . Jo. J / .70 


1 
1 


A 18 
O.Jo 


1A 01 
JO.UJ 


A/TPFT S S 1 SS 




01 -0S-07 AO 
Ul .Uj.U / .Oy 


79- 1 9- 1 A 11 
- /Z. 1Z. 1^. J 1 


■3 
J 


S 1 S 
J. 1 J 


17 1A 
J / . J4 


MfFT S S 1 SA 
IV 1 l„ EE o - J 1 JO 


DFM S 1 90 


01 -OS-OQ AS 
U 1 .UJ .uy.tJ 


79-A8-0A SO 
- / Z.tO.Ut.J? 


1 

J 


S 19 
J. JZ 


17 OS 
J / .UJ 


MPFT S S 1 S7 
IvlL^EEo-k} 1 J / 


HFA/I S 1 97 
LJElVl k3 1 Z / 


01 -OS- 1 9 1 1 
Ul .Uj . 1Z. 1 j 


71 -S8-9S OS 
- / 1 . Jo.ZJ.Uj 


I 
I 


A 90 
O.Z7 


1A A1 
JO.41 


aapft s s i S8 

IvlL^EEo-k} iJo 


HFA/I S 1 9A 
L/Elvl 1 ZO 


01 -OS- 1 9 8 
Ul .Uj. 1Z.O 


79-00-17 7 
- / Z . UU . J / . / 


1 
1 


A 00 
O.UU 


17 S 1 
J / . J 1 


MfFT S S 1 SO 

IV 1 l„ EE kJ _ k3 1 J7 


DFM S 1 98 


01 -0S-91 S9 
U 1 .UJ .ZJ.JZ 


79-08-A9 18 
- / Z.UO.tZ.JO 




S 1 
J. 1 7 


1A 10 

JO. JU 


lUfFT S S1A0 

lVH_EEo-k3 lOU 


DFM S 1 3ft 
IJl L.Vl Jl ju 


01 -0S-A1 9S 

U 1 .UJ .H 1 .ZJ 


79-fll-A8 1H 
- 1 Z.UJ.H0.J0 


j 


S 07 

J.7 / 


1A 9A 

JO.ZO 


1V1 l„ EE ij - kj lOl 




01 -0S-S9 19 
Ul .UJ.JZ. 1Z 


79-90-SA 1 
- /Z.Z7. JO. 1 


O 
Z 


A AO 
4.0U 


17 99 
J / .ZZ 


MfFT S S1A9 
IV 1 l„ EE o - k3 lOZ 




01 -OS SS AA 
U 1 .UJ .JJ.tO 


79 - 1 Q-A7 1 1 

- /Z.l7. i -r/.lJ 


] 


A SI 
4. J 1 


IS 1 A 
jj. 1 


IVlL^EEo-k} IOj 


HFA/I SMI 
L/Elvl j1 j! 


01 -OA- 1 8 00 

ui .uo. lo.uy 


79-0S-91 A 1 
- /Z.UJ.Z J.0 1 


I 
1 


S 07 
J.7 / 


1A SI 
JO.J J 


A/TPFT S S 1 AA 
IvlL^EEo-k} 104 


HFA/I S 1 ~K1 
EJEIVI Jl jZ 


01 -0A-9A OA 

ui .uo.Z'H'.yo 


71 -S7-17 A7 
-/l.J/.J 1 M 1 


1 
I 


A S7 
O.J / 


17 9 1 
J / .Z 1 


A/TPFT S S 1 AS 
LV1V .EJ_/ij - lOJ 




01 -0A-A1 S1 
Ul .UO.^rl . J 1 


71- 1 0-09 
-Id. 1U. UZ 


1 
I 


S 77 

J. / / 


IS A8 
JJ.Oo 


lVH_EEo-k3 lOU 


DFM S 1 ~\A 


01 -OA SA 07 
Ul .Uu.JU.U / 


79-ll-OA 1 1 
- / Z.JJ.UU. 1 1 


1 
J 


5 87 


1A AO 
JO.07 


A/TPFT S S 1 A 7 
1VH_ EEo-kJ lO / 




01 -07-97 0^ 
Ul .U / .Z / .Uj 


71-11-11 1 S 
- / J. J J. 1 J. 1 J 


1 
I 


9 8S 

Z.OJ 


IS AA 
JJ.OO 


IVlL-EEo-k} lOO 


UElVl 51 jj 


HI -07-1/1 AA 
Ul .U / . J4.00 


77-S 1 ■ 1 O A8 
- /Z.J 1 . 1 7. Do 


1 
1 


S 17 
J.JZ 


1A Q7 

jo.yz 


lUfFT S S1AQ 
lVH_EEo-k3 lO" 


DFM S 1 
IJl L.V1 JlJj 


01 -08-00 80 
Ul .UO.U7.07 


71 - SO -AO 09 


j 


A 1 8 
u.Jo 


17 AO 
J / .47 


MfFT S SI 70 

lVH_.EEiJ-kJ 1 IK) 


DFM S 1 1ft 
L*E1V1 Jl JO 


01 -OQ-OA OS 
Ul .U7.Ut.7J 


71 -S1 1A 7A 
- / 1 . J 1 .JO. /o 




4 48 


1A S8 
JO. Jo 


A/TPFT (J Cm 
IVlL^EEo-k} 1/1 


PtFA/T S 1 ^8 
L/E1V1 j i Jo 


01 -00- 1 A OS 
Ul .U7. 10. 7J 


71-1 0-SQ 99 
-Id. 1U. J7.ZZ 


9 

z 


A 81 
4.0 J 


17 AO 
J / .4U 


A/TPFT S S 1 79 
IVlL^EEo-k} 1 / Z 




1 -00-97 1 

U1.U7.Z / . J 


79-01 -98 08 
- /Z.U1 .Zo.Uo 


1 
I 


A 81 
4.0 J 


1A 1 1 
JO. 1 1 


MfFT S SI 71 
lVH_.EEiJ-kJ 1 ID 




01 -0Q-A1 S9 
Ul .U7.HI . JZ 


71-1 8-1 S 71 

-/J.lO.lJ. / J 


2 


A 1 S 
4. 1 J 


IS 91 
JJ.ZJ 


A/TPFT S S 1 7 A 
IVlL^EEo-k} 1 /4 




01 -0Q-S0 IS 
Ul .U7.JU.JJ 


79-10-AQ 08 
- 1 Z.DV.'+y .yo 


1 
1 


A 00 
4.UU 


1A A9 
J0.4Z 


A/TPFT S S 1 7S 
lVlL^EEiJ>-k3 1 /J 


T^FAA S 1 A\ 1 


01-1 0-AA OA 
Ul . lU.^ft.UO 


79-9 1 -9A 
- /Z.Z 1 .L"r.y 


1 
1 


1 08 
J.70 


IS 87 
JJ.O / 


A/TPFT S S 1 7 A 
lvlL,EEkJ>-k3 1 /O 


PtFAyT S 1 Afi 


01-1 0-AQ AO 

ui . lu.'-fy.oy 


79 -Al - 1 A 7 
- / Z.'+J. 10. / 


1 
1 


A AS 
4.0J 


17 Al 
J / .41 


lUfFT S S177 

IVH^-EEo-kJ 1 / / 




01-11 -OS 1 9 
Ul . 1 1 .UJ. 1Z 


79-1 1-A8 01 

- / Z. 1 J . i +O.UJ 


I 


A 91 
4.Z J 


1A 01 

JO.UJ 


A/TPFT S S 1 78 
-V] ^ III ^ J- . ) I/O 


HFA/I S 1 A9 
EJElvl O 1 M-Z 


01 -1 1 -90 SI 
Ul . 1 1 .ZU. J 1 


79-OQ-SO A7 
- /Z.U7. JU.4 / 


1 
1 


A 99 
4.ZZ 


1A 70 
JO. /u 


A/TPFT S S 1 70 
lvlL,EEkj>-k3 1 ly 


HFA/I S 1 A 1 


1 - 1 1 - IS 11 
Ul . 1 1 . J J. J / 


79-91 .Cfl QQ 

- I Z.Z 1 .JO. 70 


9 
z 


A 01 
4.UJ 


17 OA 
J / .UO 


A/TPFT S S 1 80 
IvlL^EEo-k} 1 OU 


PtFA/T S 1 AS 


O 1 ■ 1 1 -A 1 01 
Ul . 1 1 .^f 1 .7! 


71- 1 1-9S 09 
-Id. 1 j.Z J.7Z 


9 
z 


S IS 
J. J J 


1A 10 
JO. JU 


A/TPFT S S 1 81 
IVl^ EEo-kj 1 o 1 




01-11 -A1 A8 
Ul . 1 1 .^f J.4-0 


71-17-S1 A7 
- / J. 1 / . J 1 .0 / 


-2 
J 


A AA 
4.40 


1A A A 
JO. 40 


MfFT S S 1 89 


DFM S 1 AA 


01 - 1 1 -SI A8 
Ul . 1 1 .JJ.tO 


79-AA- 1 8 08 
- / Z.ft. 1 0.70 


j 


A OS 

4.7 J 


36 25 


A/TPFT S S 1 81 
lvlL,EEiJ>-k3 1 O J 


HFA/I S 1 A1 


1 - 1 9 ■ 1 A 1 
Ul . 1Z. It.Ul 


79. 1 c.90 r>9 
- 1 L. 1 J .Zo.UZ 


1 
I 


A 1 8 
4. 1 


IS 81 
JJ.O 1 


A/TPFT S S 1 SA 
LV1V Ill^J-.) 1 o4 


HFA/I S 1 A7 
L/Elvl Jit/ 


01-1 1-A1 00 
Ul . 1 J .^fZ.U7 


71- 1 7-AQ A9 

- / j. 1 / .'fy.oz 


9 

Z 


A 1 A 
0. 1 


17 A8 
J / .Oo 


MPFT S S 1 SS 
IVlL^EEo-k} 1 OJ 


FtFA/T S 1 AS 


1 - 1 1-S 1 A9 
U 1 . 1 j.J 1 .OZ 


71-1 S-AS SS 
-Id. 1 j .^f J. J J 


I 
I 


7 IS 
/ .J J 


IS OA 

JJ.74 


lUfFT S S 1 8A 
lVH_EEo-k3 1 0O 


DFM S 1 A7 1 
E«E1V1 1 L t 1 - 1 


01 -1A-00 11 
Ul . 1H.UU.JZ 


71- 1 7- 1 S S1 

- 1 D. 1 / .1J.J1 


j 


A 81 

O.OJ 


36 74 


A/TPFT S S 1 87 
lvlL,EEkJ>-k3 1 / 


HF1VT S 1 AO 


01 - 1 A- 1 A 
Ul . l*f. 10.7 


71-1 S-Sl AA 
- / J. 1 J . J J.4-4- 


1 
I 


7 1 
/ . 1U 


1A 1A 
JO. JO 


MPFT S S 1 88 
IvlL^EEo-o lOO 


T^FAA S 1 SO 1 
EJE1V1 iJljU-l 


01 - 1 A-99 1 1 
Ul . l^f. ZZ. 1 J 


71- 1 A-ll 8S 
-ID. J4.JJ.oJ 


I 
I 


7 00 
/ .UU 


1A S8 
JO. Jo 


MfFT S S 1 80 
1V1L,C1jO-iJ 1 0" 


N84 


01 - 1 A-97 11 
UJ.1H.Z/. / J 


71-1 9-SO A8 

- / J . 1 Z . JU.OO 


j 


6 80 


1A 87 
JO.O / 


MfFT s SI on 


npy S 1 S 1 1 

EJE1V1 l3 1 J 1 - 1 


01 - 1 A-^8 1 1 

UJ.lt.jo.lJ 


71-1 A-OA 7 

- / J . 1 O.UM-. / 


2 


6 64 


1A SI 

JO. J J 


MPFT S S 1 1 
1V1L^EEo-l3 1 7 1 


PtFA/T S 1 S 1 
LJElVl j i J 1 


01 - 1 A-A1 7 1 
Ul . l^f .^f 1 . / 1 


71-1 8-OA A8 
-Id. Jo.uo.to 


9 

z 


A 1 A 
0. 14 


17 9S 
J / .Z J 


lUfFT S S1Q9 


N84b 


01 - 1 A-A7 1 S 
Ul.H-.t/.lJ 


71-1Q-A7 01 


j 


S 8A 
J.OO 


1A OA 

JO.U4 


A/TPFT S S I 01 
lvlL,EEo-k3 1 7J 


T^FAA S 1 S9 ^ 
UElvl i3ljZ-l 


01 -1A-SS AO 
Ul . l^f. J J.07 


71-90- 1 11 
- / J.ZU. 1 U.JJ 


1 
1 


S 78 
J. / 


1A 1 A 

JO. 1 O 


a/tpft s s 1 oa 
1V1L^EEo-l3 174 


PtFA/T S 1 SA 
L/Elvl k3 1 J^ 


01-1 S-OA A 1 
U 1 . 1 J . Lr+ . 1 


79- 1 0-11 1 S 
- /Z. 1 7. J J. 1 J 


1 
1 


1 18 
J.Jo 


IS SO 

JJ.07 


1V1L, EEo - J I7J 


UE1V1 jIjZ 


m - 1 S-O/l 7 
U 1 . 1 J . . / 


7 1 - 1 o ■ 1 n 1/1 


9 
z 


S 77 
J. /Z 


1A QO 

JO. 77 


A/TPFT S S I OA 
lvlL,EEo-k3 I7O 


HFA/I S 1 S^ 
L/Elvl ji JJ 


01 - 1 S- 1 9 8S 
Ul . 1 J . JZ.oJ 


79-SA-ll A 
- / Z.JO. J 1 .0 


9 

z 


A 10 
4. J7 


IS 70 

JJ. / 7 


MPFT S S 1 07 


FtFA/T S 1 SA 
LJElVl j i Ju 


01 - 1 A- 1 1 SS 
Ul . lO. 1 J.Jo 


71-1 0-OA A8 

-id. lu.uo.to 


9 

z 


A A7 
0.4 / 


1A 87 
JO.o / 


A/TPFT S S 1 08 
LV1V I,EJ>-.) I70 


HFA/I S 1 S7 
L/EIVI jIj / 


01 - 1 A- 1 A 7A 
Ul . 10. l^f. i^t 


71-9S-A9 A1 
- / J.Zj .^■Z.'t 1 


a 
j 


A OS 
4.UJ 


18 97 
Jo.Z / 


A/TPFT S S I 00 
lvlL,EEo-k3 I77 


HFA/I S 1 S8 


01-1 A-AQ 97 
Ul . 10. ^7. Z / 


71-0Q-0S 
- / J.U7.UJ.7 


1 
1 


A 17 
O.J / 


1A 1 7 
JO. 1 / 


A/TPFT S S900 
IvlL^EEo-oZUU 


FtFA/T S 1 SO 
LJElVl J 1 jV 


01 - 1 7-OS 7A 
Ul . 1 / .UJ. /^f 


71-1 9-91 8A 
-id. iz.zj.oo 


9 
z 


S OS 
J.UJ 


1A IS 
JO. J J 


A/TPFT S S901 
lvlL,EEkJ>-oZUl 




1 - 1 Q-1S S7 
Ul . I7.JJ.J / 


71-OS-AS A 
- / J.UJ. 4-0.4 




A SS 
4. J J 


IS OA 
JJ.7O 


MfFT S S909 


N87 


01 -91 OA AA 
UJ .Zl .uo.oo 


71-1 S-OA 1 1 
- / J . 1 J . Ut . 1 J 




1 AS 
J.4J 


IS 09 

JJ.7Z 


A/TPFT S S901 
IvlL^EEo-oZUJ 




01-91-11 1A 
Ul .Zl . 1 J. J^f 


71-0A- 1 A S1 
- / J . UO . 1 4 . J 1 




A 90 
4.ZU 


1A 97 
JO.Z / 


MfFT S S90A 
1V11„ EEkJ-O ZU4 


DFM S 1 AO 
L*E1V1 J 1 OO 


01 -9^-1 1 1 1 
U 1 .ZJ . 1 J . 1 J 


71-99-98 10 

- / J.ZZ.ZO. 1 7 




1 1 1 
J. 1 1 


1A SS 
JO. J J 


A/TPFT S S90S 


npM S 1 ADS 
LJE1V1 k3lOUk3 


01 -91-10 01 
Ul .ZJ.J7.Ul 


71-9A-09 07 
- / J.Z4.UZ.7 / 


j 


9 7S 
Z. / J 


IS S7 
JJ.J / 


A/TPFT S S90A 
IVlL^EEo-oZUO 




01 -9A-09 Al 

Ul .L"r .UZ.'+J 


71-17-S1 01 
- I D. 1 / .JJ.U1 




9 88 

Z.OO 


IS 9A 
JJ.Z4 


MCELS-S207 


DEM S161n 


01:24:14.58 


-73:09:31.3 


, 


4.64 


36.88 


MCELS-S208 


DEM S 161 


01:24:45.37 


-73:09:33.64 


3 


4.18 


37.07 


MCELS-S209 


DEM SI 62 


01:24:48.85 


-73:27:33.93 


2 


2.72 


36.69 


MCELS-S210 


DEM SI 63 


01:25:03.97 


-73:16:40.87 


3 


2.91 


36.93 


MCELS-S211 


DEM SI 64 


01:25:53.92 


-73:22:41.48 


3 


2.51 


37.37 


MCELS-S212 


DEM SI 65 


01:27:03.28 


-73:08:31.86 


2 


2.92 


36.95 


MCELS-S213 


DEM SI 67 


01:29:09.94 


-73:24:49.67 


2 


1.52 


38.00 


MCELS-S214 


DEM SI 66 


01:29:26.79 


-73:32:38.44 


1 


2.02 


37.54 



"Identifiers in column 2 are |Davies etalJ|{T976) (DEM), |Bica et al.| fl999 1 (BSDL), or |Henize|(T956) (N). 

^Optical depth classifications listed in column 5 are: (0) indeterminate, (1) optically thick, (2) blister, (3) optically thin, and (4) shocked nebulae. 



c Object identified in 
d Object identified in 



Ye et al. 


1995 


Ye et al. 


1991 



